Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^:^-^-.«K.-- ;¥J 



M 



• 



^.. . 



4 



v^^ 

^*^- 



NORRIS'S HAND-BOOK 



roB 



LOCOMOTIYE ENGINEERS 



Aim 



MACHIN^TS: 

OOMPAISING 

THE PAOPOBTIONS AND CALCULATIONS VOB CONSTRUCTING LQCO- 

MOnySS, MANNER OF SETTINa TALTES, TABLES OF 

SQUARES, CUBES, AREAS, Ao. Ac. 



By SEPTIMUS NORRIS, 

OTXL AKB lUSOBAMIOAL KTOimiB. 



** Knowledge is power." 



PHILADELPHIA: 

HENRY CAREY BAIRD, 

SUXBBOE TO X. L. CABIT. 

1852. 



^. 



Jt^ vib 



.^^^svfiti^aj. 



.CVVJ 



^^< 



'/ 



LIBRAR"! 



Rivers 



H2^9^l 




Entered aeoonUog to Act of Ck>ngTei8, in the year 1862, by 

SEPrmUS NORRIS, 

in tbe Clerk's Office of the District Oomrt of the United States in and for the 

Eastern District of Pennsylyania. 



■nUOTTPB) BT L. JOHNSON AND 00. 
PHILADILPBIA. 

ranmn bt t. k. amo p. o. oounrs. 



TO 



WILLIAM NORRIS, ESQ. 

At A TISTIMOSIT OF 

£STIEM AND ADMIRATION OF HIS GREAT INTELLECTUAL 

ATTAINMENTS, 

A9D OF 

HIS SCIEMTiriO AND CLASSICAL KNOWLEDGE; 



DXBCmiBIMO THB QBIATI8T WOBX OT MA9, 



n AFncnoccAtzLY inbcubxd bt bib bboibzb, 



THE AUTHOR. 



PREFACE. 



In presenting this work to the Engineers of 
the United States, I beg they will study it 
with attention, as it is the result of many days' 
close application and research. I have taken 
care to present all formulas and rules in the 
most simple manner, so that there will be no 
danger of the young student being discouraged 
by unnecessary display of algebraical formulas, 
which the sight of frightens the timid. All may 
understand who are familiar with the simple 
rules of Arithmetic, — Addition, Subtraction, 
Multiplication, and Division. I give here the 
result of my experience after a study of twenty 
years, and for the last twelve years engaged 
with my senior brother, William Norris, to 
whom I am entirely indebted for all the infor- 
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6 PREFACE. 

mation I have received relating to locomotives. 
He built the first locomotive in this country, 
and was the first engineer that ever attempted 
to surmount the Inclined Plane across the 
Schuylkill, where there is a rise of 1 in 14, 
for 1 mile equal to 377 feet ascent. This 
wonderful performance was made amid the 
shouts of thousands : no one has ever attempted 
such a feat since- In connection with my bro- 
thers, I have constructed and built some five 
hundred and thirty locomotives ; one hundred 
and seventy of which are now successfully 
running on roads in England and the Conti- 
nent, seventeen of which are running on the 
Birmingham and Gloucester Railway, England. 
Some builders, or pel'haps foremen of the loco- 
motive-shops of this country, may think it 
unwise in my giving to all mechanics the 
secrets (which they consider) of the business. 
My belief is, that aU I can teach a^ man or ap- 
prentice, so much the better will be the suc- 
cess of my business ; and the million should 
be learned in all things, as well as the few 
illiberal-minded. I give here every thing 
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relating to the construction of locomotives; 
and I hope my feeble efforts may prove of 
value to many who seek after this great science, 
Mechanics. It is the greatest of all sciences, 
teaches the mind to think correctly, and pro- 
duces that intfmectual enjoyment which no 
other study can approach. 
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]?[ORRIS'S HAND-BOOK. 



TROY WEIGHT. 
grains 

24 = 1 diot 
480= 20= lo3 
6760 = 240 = 12 = 1 lb 

AVOIRDUPOIS WEIGHT. 

drachms 

16= loz 

256 = 16 = 1U> 
7168 = 448 = 28 = 1 qmHer 
286782= 1792= 112= 4= lewt 
573440 = 85840 = 2240 = 80 = 20 = 1 ton 

1 lb. = 14 oz., 11 dwt., 16J gr. troy. 
1 oz. = 18 dwt., 6J gr. troy. 

N. B. — 7000 troy grains make 1 pound avoirdu- 
pois ; hence 175 pounds troy are equal to 144 pounds 
avoirdupois. 

APOTHECARIES' WEIGHT. 
grains 
20 = 1 scruple 
60 = 8=1 drachm 
480 = 24 = 8 = 1 OS 
5760 » 288 » 96 - 12 - 1 !9 



14 WEIGHTS AND MEASURES. 

LONG MEASURE. 

inches 

12 = 1 foU 

36 = 8 — 1 yard 

72 = 6 =- 2 = 1 fathom 

198= 16J= 6J= 2|= -[pole 

7920= 660= 220 = 110= 4.Q^1 furlong 
63360 = 6280 = 1760 = 880 = 320 = 8 = 1 mile 

A mile contains 80 chains, land measure ; and a 
chain contains 100 links, or 22 yards. An inch 
contains 12 lines. 

MEASURE OF THE CIRCLE. 

seconds (") 

60 = 1 minute (') 

360 = 60 = 1 degree ^ 
32400 = 5400 = 90 = 1 quadrant 
129600 = 21600 = 360 = 4 = 1 circumference 

WINE MEASURE. 

pints 
2 = 1 quart ^ 

8 =3 4 = 1 gallon 

386= 168= ^2=^1 tierce 

504 = 257 = 63 = IJ = 1 hogshead 

672 = 836 = 84 = 2 = 1 J = 1 puncheon 

1008 « 504 =-126 = 3 =2 =11^1 pipe 
2016-1008-252 = 6 -4 =98 -2-1 fw?* 



WEIGHTS AND MEASURES. 16 

ALE AND BEER MEASURE. 

pints 

2 = 1 quart 

8 s=s 4 = 1 gallon 
72= 36= 2= 1 firkin 
144= 72= 18= 2 = lMderHn 
288 = 144= 36= 4 = 2 = 1 SarreZ 
432 = 216 = 54 = 6 = 3 = IJ = 1 hogshead 
576 = 288= 72= 8=4 = 2 ^l^^^l puncKn 
864 = 432 = 108 = 12 = 6 = 3 =2 =1J=1 6m« 

N. B. — The pint, quart, and gallon, for wine, ale, 
and beer, and grain or corn, measure the same with 
regard to their magnitude ; 8 of these gallons make 
one bushel ; and 1 gallon contains 277*274 cubic 
inches, or 10 lbs. of distilled water, at 62 degrees 
Fahreftheit. 

DRY MEASURE. 

pints 

8 = 1 gallon 
16 = 2 = 1 peck 
64 = 8 = 4=1 bushel 
256 = 32 = 16 = 4 = 1 coom 
512 = 64 = 32 = 8 = 2 = 1 quarter 
2560 = 320 = 160 = 40 = 10 = 5 = 1 wey 
5120 = 640 = 320 = 80 = 20 = 10 = 2 = 1 last 
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OLOTH MEASURE. 


incheB 




2i 


= 1 nail 




9 


-4-1 


quarter 


36 


= 16 = 4 


= 1 yard 


27 


= 12 = 3 


— 1 Flemish ell 


45 


= 20 = 5 


— 1 English ell 


54 


= 24 = 6 


= 1 French ell 



SQUARE MEASURE. 

inches 
144 = Ifoot 

1206= 9 = lyat4 
39204 = 272i = SOJ = 1 pole 
1568160 = 10890 = 1210 = 40 = 1 rood, 
6272640 = 43560 = 4840 = 160 = 4 = 1 Mire 

10 square chains make 1 acre ; 640 acres make 1 
square mile ; 30 acres 1 yard of land ; and 100 acres 
1 hide of land. 

SOLID MEASURE. 

inches' 

1728 = Ifoot 
46656 = 27 = 1 yard 

1 cubic foot = 2200 cylindrical inches — 3300 
spherical inches = 6600 conical inches. 
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MISCELLANEOUS. 

1 Acre, Scotch, 1*271 acres Eng- 
lish, or 6084 sq. yards. 

1 Acre Irish, 1*638 acres English; or 7840 sq. yards. 
1 Barrel, imperial measure .••• jit61*86 cub. in. 

" soap :./256 1bs. 

1 Bushel, imperial measure 2218*19 cub. in. 

" Winchester measure 2150*42 cub. in. 

" barley 60 lbs. 

" coal 88 lbs. 

" flour or salt 56 lbs. 

" oats 40 lbs. 

" wheat 60 lbs. 

1 Chaldron coals, Newcastle 53 cwt. 

1 Chain 100 links. 

1 Clove of wool..,.. 7 lbs. 

1 Fodder of lead, Stockton 22 cwt. 

" at Newcastle .... 21 cwt. 

" at London 19 J cwt. 

1 Gallon, imperial meaiare.. 277*27 cub. in. 

" distilled water, 62° 10 lbs. 

" proof spirit or oil 9*3 lbs. 

" former wine measure .... 231 cubic in. 

" former ale measure 282cubicin. 

" Irish measure 217*6 cubic in. 

1 Geographical mile,.... 1*15 Eng. miles. 

" degree 69*12 Eng. miles. 

1 Gross 12 dozen. 

1 Great gross 12 gross. 

1 Hand 4 inches. 

1 Hundred of deals 120 in number. 

" nails 120 in number. 

" salt 7 lasts. 

1 Last of salt 18 barrels. 
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"*" ▼njL ■ 4^> Sbi. 

1 Lcai£ Bf MflViL HO. -. f»f*{' 

•*• zciaks ;•{•! 

*" iajirfi2»"r-. Jif ^ 

*- inas^ r^imsiiek. 

— jjiiaia. msaDCL. Jif»r- si-cits 

**- SKtti 1^ TmsOksikL 

— TZttbc- «fi2*rpi-. f»«' rtroc 

— i3."r«Er. TiT.'TtfVfi£ -<k"' rc^:6r ft«, 

1 HT**;- 5*v' -chyrts. 

1 Pfci-TS, ?T!Ksb«. 

1 P'-/>, W»£iai,i_ ,<,^ 1> ft«. 

^ KtraiSaa t*. Si &«• 

- Gy«.tTO, i4fr«. 

1 Sack of coals ^ ^^4 Ihsw 

^ worA iic^Ibsw 

1 Seaa of^Mi- li!4 lls^ 

1 Span S* h«i<*. 

1 StQoe of ]D€at or fish S IIml 

^ horMman^s weight 14 Ib^ 

^ gbun. SlltR. 

•* wool Mlhsu 

1 Tb<niflaiid of nails li>X\ 

1 Truss of new hav 00 llei. 

" old bar. .*.i5 Ihs. 

« straw". Soils, 

1 Tun of regeuble oil 2S6 gallons. 

^^ animal oil i!o2 gallons.* 

1 Todof wooL iSlbs. 

1 Wejofwool lS21bs. 
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WEIQHtS AND MEASURES. 



" the Imperial and Old UnglUh 



B^« Qattm. 

Oldpdlon... 
Imp. gallon . . 
AU Oallan. 
Imp. gnllon . , 
01dE»Jlon... 
Oldgallou... 
In.p.EaU.1.. 
Com Biuhel. 
Imp. bushel. 
OMbuBhol.. 
OMbaahal.. 
tmp.buelitl . 


'T 

0-833 

Mil? 

1-031 

1 
0-9 B9 


2 

2 

i-sae 

3 

3 
2-034 

Z-0B3 

i 


3-m 
2-iga 

3 

s 

3-0ii1 
2-908 


t-SOl 
3'332 

■t 
4-063 

4-isa 

3-87S 


5 

C'002 

h 

5 

5 
5-08S 

6 

5'153 

S- 

4-817 


7-B02 

6 
4-9D9 

e 

5-899 

6 
a-io: 

fl-lSB 
8 


■- 1 

9-402 

T 
5-832 

, 

a-as3 

T 
7-UB 

T 
7-221 

a-rao 


S-flBi 

s 

T-860 
S 

8 
a-2S3 

s 




;-49a 

9 
S-MS 

9 
0-153 

9-284 
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N. E. — The foregoing relative values are com- 
puted in whole numbers and decimal parts ; they 
exhibit the value of units only, but the value for 
tens, hundreds, thousands, kc. ma; be found by 
chan^Bg as many of the decimals into integers as 
there are ciphers in the numbers sought. 

Example. — Required the number of imperial 
gallons in 4743 old wine gallons : — 
4000 = 3382 
700= 683-2 



2-490 
S9&1-019 imperial gallons. 
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Relative Value of British and French Weights and 

Measures. 
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ENCH DECIMAL, OB MODERN SYSTEM. 



WEIGHTS. 



French. 



Gramme 

Decigramme .. 
Centigramme.. 
Milligramme.. 
Decagramme.. 
Hectogramme. 

or 
Kilogramme .. 

or 
Hfjriagramme 

or 
Quintal 

MilHer or Bar 



British, 



t( 



(( 



^^ 



(( 



16*434 grains. 
1 -6434 
01543 
00164 
164-34 
3*2164 oz. troy. 
3*627 oz. avoir. 
2 -0795 lb. troy. 
2-2048 lb. avoir. 
26*796 lb. troy. 
22-048 lb. avoir. 
1 cwt. 3 qrs. 24 J 
lb. i 

9 ton||ii cwt. 3 



MEA8VEX8 — OF LENGTH. 
French, British. 



Metre 

Decimetre.. 
Centimetre. 
Millimetre . 
Decametre . 
Hectometre 
Kilometre... 
Myriametre 



39*371 
3*9371 
0*3937 
0*0393 
32*809 
328*09 
1093*6 
6*2138 



inches. 

inch. 
i( 

feet* 
it 

yards, 
miles. 



MEASURES — OP OAPACITT. 



Litre* 



or 



Decilitre.. 
Centilitre 
Millilitre . 
Decalitre . 



or 



Hectolitre. 



Kilolitre... 
Myrialitre. 



or 



61*028 cubic in. 

1*761 imp. pM. 

6*1028 cubic in. 

0*6103 

00610 

610-28 

2-2 imp. gallons 

3*6317 cubic feet 

2*76 imp. bush. 

36-317 cubic feet 

363*17 



OF 

Arej 

Deciare 

Centiare.... 

Milliare 

Decare 

Hectare 



superficies. 

119*60 sq, yards, 
11-960 " 
10-764 sq. feet. 
166*00 sq. inch. 
1196*0 sq. yards. 
2-4712 acres. 



(( 



(( 



it 



(i 



StereJ 

Decistere ... 
Centistere.. 
Millistere... 
Decastere... 
Hectostere . 



OF solidity. 

36*817 cub; feet. 

3*6317 " 

610*28 cubic in. 

61*028 

18-080 cubic yds. 

180-80 



«i 



* The Litre — a cubio decimetre, 
j- The Are — a square decimetro. 
% The Stere — a cuUc metre. 



Note. — The decimetre, centimetre, and BilUimetre are re- 
spectively formed by dividing the metre Igr 10^ lOO, and 1000; 
and the decametre, hectometre, kilometre^^^l myriametre, by 
multiplying the metre by 10, 100, 1000, and 10,000 : the other 
measures and weights of the decimal system are formed in & 
like manner from their respective units. 
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WEIQHTS AND MEASURES. 



THS OLD 8TSTIX, OE 8TSTEXS V8UBL. 



WBIGHTS. 



French. 



Grain 

Gros (72 grains) 
Once (8 grog)... 
Livre (16 onces) 



British.. 

837 grain. 
60-285 grains. 
1 -1024 oz. avoir . 
1 -1024 lb. avoir. 



MEASURES OF CAPACITY. 



Litron 1*376 imp. pints. 

Bowseau 2-7515 imp. gal. 



M6ASUBE8 Off |g|pTH. 

French, I British. 

Ligne 0-091 inch. 

Pouce (12 lignes) 11-093 
Pied (12 pouces) 
Aune(3f pieds).. 
Toise (6 pieds)... 



(* 



(( 



1312 
3-937 feet. 
6-562 *» 



The livre is = 500 grammes. 
The Boisaeau is = 12-5 litres. 
The Toiso is =r 2 metres. 



British and Foreign Weights and Measures. 

BELATIYB VALUE OF BBITISH AND FOREIGN COMMERCIAL WEIQBTS. 



Couutrj or FUee. 


1^ 


No. eonal to 1 
cwt. British. 


AleDDO 


Oke 


40-10 

119-84 

60-79 

94-12 


Alexandria 


Rottolo For 


Amaterdani 


Poniil FlemttTTT.T TTTT... 


Alflders *.**.. 


BiOttolo 


Sarcelona -.... 


Pound 


126-97 


Berlin « •.. 


Ponnd T,t 


108-42 
101-95 
117-89 

8400 
■ 108-64 

89-63 
101-55 

21-35 

28-44 
108-42 
149-61 
101-59 
108-73 

92-25 
145-69 
104-86 


Bremen...... 


Pound 


Cairo 


Rottolo 


nhiflA .m^ 


Cattv 


Dnlocme 


Ponnd TtrT---f --" 


donstantinoDle.t. •••».• ... 


Oke 


rinnenhaffen 


Pound .T.rr.^TT 


f!vt>i*UB 


Rottolo 


Damascus 


Rottolo 


DantKia ......... •«.••»«• • . . 


Pound 


Florence »%^,*» .»•... 

Fraiice ..». ••2^** 


Pound 


Livre usuel 


Pound ••... 


OftnAVSi ...........••...*.... 


Pound, heavv • 


.OAnon 


Pound, heaw 


H A.mhiirff 1i 


Pound 







WEIGHTS AND MEASURES. 



Melative Value of Britiih and Foreign Commercial 
Werighta — continaed. 



Counlrr CT n.«. 


W.lclLL 


'Sl.Xlill.' 






104-37 
IOS'42 
80-15 
149-81 
108-79 
104-82 

".tS 

50-70 
66-99 
99-01 

■ *e-3i 

126-72 
110-68 
108-60 
121-51 
149-79 
99-84 
102-82 
124-08 
128-00 
160-00 

s9-es 

110-40 
149-31 
90-75 
100-00 
100-85 
60-79 
00-68 
06-33 




























Roltolo .— 






















PruBBift ^ 

Riga Ji 


,Pomid...„ 
































sWdU' :;::;:':■;:::;:::■■;■ 
























Pound, hfliiyj 
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CORN OR DRY MEASURES. 



Relative Value of British and Foreign Com or Dry 

Measures. 



Country or Place. 



Alexandria .... 

Algiers 

Amsterdam.... 

Ancona 

Antwerp 

Barcelona 

B^lin 

Brtiges 

Cologne 

Constantinople 
Copenhagen ... 

Cyprus 

Dan«di 

Dunkirk 

Embden 

Florence 

France 

Frankfort 

Genoa 

Groningen 

Hague 

Hamburgh 

Hanover 

Leghorn 

Leipsic 

Lisbon 

Lubec 

Majorca 

Malaga 

Malta 

Munich 

Naples 

Netherlands ... 

Persia 

Poland 

Prague.... 

Prussia 

Riga 

Rome 



Name of Measure. 



rebebe 

zarrie 

mudde 

rubbio 

mudde 

quartera .. 
scheffel .... 

hoed 

malter 

killow 

toende 

medimnu . . 
scheffel .... 

rasiere 

tonne 

'staja 4 

boisseau... 

malter 

mina 

mudde 

sack 

scheffel 

himten 

sacco 

scheffel .... 
al qui ere.... 

scheffel 

quartera .. 

fanega 

salma 

scheffel 

zomolo 

mudde 

artaba 

korzec 

strick 

scheffel 

loop 

rubbio 



fll•^Bqual to 1 

quarter, or 8 

bush. English. 



1-85 
14-64 
2-61 
1-01 
2-91 
4-25 
6-58 
1-74 
1-79 
8-77 
2-(K> 
8-87 
5-32 
2-18 
1-51 
11 -95 
23-32 
2-69 
2-40 
8-19 
2-71 
2-76 
9-35 
4-00 
2-09 
21-50 
8-70 
4-13 
5-16 
1-00 
0-80 
5-69 
2-91 
4-42 
5-69 
2-72 
5-29 
4-26 
0-98 



BRITISH AND FO^EiaN MEASURES. 
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Relative Value of British and foreign Com or Dry 

Meatures — continued. 



jixi^ 



Oo«Bt(7 or PUe«. 



Bostock 

RotUrdam.... 

Russia...., 

Sardinia 

Sicily 

Smyrna 

Spain 

Sweden 

Texel 

Weste 

Tunis < 

Venice < 

Vienna 

Ulareelit 

Wirtemberg... 

Zante 

Zealand 

Zurich f 



Name of Measure. 



scheffel 

sack ...^ 

chetwert 

starello 

salma 

killow..*. 

fanega 

tunna 

loop 

metzen......... 

c&ffice 

stajo 

metze , 

sack , 

scheffel ...u 

misura 

sack.; 

mutt 



No. equal to 1 

quarter or 8 

bnah. Engliah. 



7-48 
2-80 
1-88 
6-94 
105 
6-67 
51# 
1-98 
4-64 
4-79 
0-55 
M8 
4-73 
8*22 
1-61 
18-84 
8*89 
d-61 



Relative Value of British and Foreign Wme or 

Liquid Measures, 



Couitrj or Place. 



Amsterdam 

Antwerp ...« 

Bareelona. 

Berlin 

Bordeaux 

Burgundy 

Canaries «... .,.'. 

Champagne 

Cognac 

Cologne 

Constantinople 



# 



NMfte«r Hearart. 



wine stekan 

stoop 

carga 
anker.......... 

velte 

quartant .... 

arroba 

quartant .... 
brandy velte 

Yiertel 

almud 



*.».Mi...... ...^r* ... 

......... .*..•••««••• 

I... ...*..*.. ..••••».. 

I. ..••.. ••••••••« 



Ooatenlitt 

Briiiahimp; 

Qallona. 



T 



4-27 
060 

2t*24 
8*24 
1*68 

22-68 
8*68 

19-82 
1-60 
1-81 
115 



BBTCISH AKD TOBnaH HIASITKSS. 



JBelofffw Vahte qf BritUh and Toreign Wine or 
Liqmd Meatwei — continoed. 



»,.„„ru... 


,™. .,»...„. 


^{ir- 




rto! 


1-70 
l-M 
82'9« 
U-B8 
10-08 

i-sa 

1-60 

S-BS 
lfl-88 
81 -W 
84-28 

0-51 
10O8 
lfl-71 

8-84 
21 -87 

2-49 

4-58 
1416 

91T 
22-01 

6-61 

0-36 
16-12 

8-«l 
12-84 

7-9« 
38-32 
48-Ofi 

2-09 

8'68 
10-14 

0-67 
12-46 

2-8T 
12-42 
14-68 

0'86 








ohm 

eimer 












































































































wineiUTobfi 

































BBinSH AND rOBKIfiN HZABUKKS. 27 

Relatiet Value <^ Britith and Foreign Meaturet of 
Length. 



Amsterdnm . . 

Antwerp 

AngBborg ..... 
BerUn 

Bremen ........ 

BmuBiriek..- 

China 

Cologne 

CofieiihBgeu . 

Dantiia 

Dreideii 

Frmnkfort .... 

OottingMl 

Hunbnrg 

H»no*er 

Leipaio 

IJege 

Malta..'.!"'.'.'.'.' 
Mecklenburg 
Milan 

Moniah 

Naplea 

Nenfolutel.... 
ITaremberK... 

Padns 

Pba 

Kg« 





















lOS-QS 


























Foot „ 






















































































86-14 






Foot -.... 


101-52 


Foot 


111-21 
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BRITISH AND FOREIGN MEASURED 



Relative ValiLe of British and Foreign Measures of 

Length — continued. 



Omntry or Fiaee. 



Rome 

Rostock 

Russia. 

Sardinia.... 

Sicily ^: 

Spain 

Sweden 

Venice 

Vienna 

Ulm 

Wirtemberg 
Zurich 

— * — 



Name of M«Mar«. 



Foot 

Foot 

Foot 4 

Palmo 

Palmo 

Foot 

Foot .«.. 

Foot !... 

Foot 

Foot 

Foot 

Foot 



No. of oftoh 
equal to 100 
£ufliih Feet. 



102-38 

106-44 

87-27 

122-69 

126-91 

107-91 

102-78 

87-71 

96-88 

105-85 

106-87 

101-60 



Relative Value of British and Foreign Square and 

CuJne Measures. 



Cdontry or Flae«. 

Axoftedam 

Antvt^^ ••« 

Augsberg 

Berlin 

Berne. 

Bremen 

Cologne 

Dantxic 

Dresden 

France 

Geneya 

Hamburg 

Hanoyer ..'. 

Leipsic 

Liege .^i;£- 

Lisbon 

M'^an 



Square Foot in 
JEngliih 8q. Inches. 



124-255 
126-887 
135-722 
148-693 
138-287 
129-504 
117-218 
127-690 
124099 
163-558 
869-024 
127-441 
181194 
128-482 
128142 
167-547 
248-984 



Cnbio Foofc in Enf- 
liflh Cable InclMi. 



1385-070 
1420-027 
1581-161 
1813-162 
1538-798 
1473-755 
1270-229 
1442-897 
1882'468 
2091-748 
7088-951 
148^-684 
1502-696 
1871-329 
1450-577 
2168-728 
8811-030 



** 

•■ ^ 



BBinSH AND FOBEION MBASURIS. 
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JRelative Vahie of British and Foreign Square and 
Oabic ilfea«ttre«i— continued. 



Oovmkj «r Flaee. 

Hunich 

Nuremberg 

Pra88i& 

Rhineland 

Blga * 

Rome. 

SjMdn. 

Swed^i^ 

Veniee .t 

"Vienna 

Knrich 



Sqiure Foot in^ 
Engliah 8q. InehM. 



129-890 
148-041 
152-670 
152-670 
116-424 
187-858 
128-882 
186;516 
187-142 
155-002 
189-476 



C«Ue Foot in Eag- 
liah Cubie laehea. 



1471-811 
1710-770 
1886-89Q 
1886-890 
1256-215 
1609-886 
1878-002 
1596^)41 
2660-102 
1929-774 
1647*211 



Relative Valtce of British and Foreign Land 

Measures. 



dmaftry or FImo. 


NuM of MaMvro. 


EBgliBh 

Saiuure 

Ywdt. 


No. of OMh 

oqnAlto 10 

Engliih Aoreo. 


Amsterdam 


Morgen 


9722 
6786 
6650 

11960 
6179 

11545 
8100 
8998 
6970 
8058 

10185 
8158 

18066 
6590 
5500 

m 

6889 
8875 


4-9tB 

^82 

. 7-878 

4-046 
7-888 
4-192 

15-618 

12-106 
6-944 

15-858 
4-752 

15196 
8-704 
7-844 
8-800 
8-208 
6161 
7-025 

12-488 


Berlin 


Great Morgen 

. Morgen..... 


Dantzio » 

France........ 


Hectare... 


Geneya. 


Arpent 

Moraren ^..... 


Hamburir.. 


HanoTer 


Mororen 


Portugal M«... 

Prussia 


MofTsria 


Geira 


Morfiren 


Rhineland 


Morfiren 


Rome 


Pezza.. 


Russia...... .;.......... 


Dessetina ............ 


Sazonv 


Acre 


Spain 


Fanegada 


Sweden 


Tunneland 


Switzerland 


Faux 


Vienna 


Jock 


Zurich......... T........ 


Common Acre 





8* 






"* 
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nnxra m> rosncv mxasubb. 



Belative Value cf Bntiik 

Metuurti, 




Tlftsdcn 



Oflrvaaj .... 

Hamlmrg— • 

HanoTtr 

Holland 

Hvngary .... 
Nethiriftadi 

Penis 

Poland 

PortogaL.... 



JBJU9 « ■•••••*•• »•• ••••••»•• 



LeagiMof2000T( 

Mile 

Mile. 

llOe. 

Mile \ 

Mile, metrieeL 



Mile, lonf . 



Borne 



Spain 

iveden 

tvitMrlaad. 



•••••• •«•••• 



Mile 

Mile 

Went ;, 

League, 'eommon. 

MUe 

Mile 

Berri 



8244 
6864 
426S 

10126 
8244 

11559 
8108 
9118 
1098 
6086 
8108 
6760 
8287 
1628 
1067 
7416 

11700 
9153 
1826 



278-481 
21-848 
25^41 
41-285 
17<881 
21-848 
15-226 
21-725 
19-818 

161-024 
28-918 
21-725 
26-085 
21-867 

106108 

150-814 
28-782 
15-012 
19-228 
96-885 



«ft f -> 



A TABLE 
Of the Reeiproeait of Numbert ; or ike Decimal 
Fractioni correaponding to Vulgar Fraetuma of 
which the Numerator it unity or 1. 

[In the follomog tables, the decimal fractioDB are 
reciprocals of the denomiDatorB of those opposite to 
them ; and their product is ■» nnit;. 

To find the decimal corresponding to s fraction 
h&Ting a higher nnmerator than 1, multiply the 
decimal opposite to the given denominator, by the 
given notnerator. Thus, the decimal correspond- 
ing to A being -015625, the detnmal to \\ will be 
■015625 X 15 =- -234375.] 



IVm«Kn 


D«!in>l or 


Tr-Oaw 


Dccliulgr 


FtMtlMl 


D«inLot 






ccKbbIi 




irKninb 




1,2 


-s 


1/20 


■05 


1/38 


■026«1678g 


lA 


■833833333 


1^1 


■047819048 


1/89 


■025641020 


1/4 


■26 


1/23 


■0454M6W 


1/40 


-025 


1^ 


-2 


1^ 


■043478261 


1/41 


•024S90244 


1/8 


-1G6636667 


1/24 


-04IG«6667 


1/42 


■028809624 


1/7 


■142857143 


1/2S 


■04 


1/48 


■023256814 


Ifl 


■125 


il2& 


■038481588 


1/44 


■022727273 


1^ 


■imiim 


1/27 


■037037037 


l^S 


■022222222 


lAO 


■1 


1/28 


■036714286 


1/48 


■02173918 


lAi 


■090909001 


1/29 


■034482759 


1/77 


■0212766 


1A2 


■08333S3S8 


J/30 


■033333338 


1/48 


■020838388 


1/18 


-076928077 


1/31 


■032258066 


1/49 


•020408163 


1/14 


■071428571 


1/32 


■03126 


1/60 


•02 


1/16 


■ooeeeeesT 


1/33 


■030303030 


1/Sl 


-019607843 


1/ia 


<oe26 


1/34 


■029411766 


153 


■019230769 


117 


>«58B2332g 


1/35 


■028571429 


115* 


■018887925 


118 




1,36 


■027777778 


1/54 


■01S618619 


118 


■062681679 


1/37 


■027027027 


1/65 


■018181818 
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ESCIPROCALS OF NUMBBRS. 



FrMttoB 
orMumb. 



1/66 
1/67 
1/68 
1/69 
1/60 
1/61 
1/62 
1/68 
1/64 
1/66 
1/66 
1/67 
1/68 
1/69 
1/70 
1/71 
1/72 
1/78 
1/74 
1/76 
1/76 
1/77 
1/78 
1/79 
1/80 
1/81 
1/82 
1/88 
1/84 
1/85 
1/86 
1/87 
1/88 
1/89 
1/90 
1/91 
1/92 
1/98 
1/94 
1/96 
1/96 
1/97 



Dooinulor 
RaciproeaL 



•017867148 

•01764886 

•017241379 

•016949168 

•016666667 

•016898448 

•016129082 

•016878016 

•016626 

•016884616 

•016161516 

•014926878 

•014706882 

•014492764 

•014286714 

•014084617 

•018888889 

•01869868 

•018618614 

•018888888 

•018167896 

•012987018 

•012820618 

•012668228 

•0126 

•012846679 

•012196122 

•012048198 

-011904762 

•011764706 

•011627907 

•011494263 

•011868686 

•011286966 

•Ollllllll 

•010989011 

•010869666 

•010762688 

•010688298 

•010526816 

•010416667 

•01^809278 



Fraotlom 
orNuinb. 



1/98 

1/99 

1/100 

lAOl 

1/102 

1/108 

1/104 

V106 

1/106 

1/107 

1A08 

1/109 

l/llO 

1/111 

1/112 

1/118 

1/114 

1/116 

1/116 

1/117 

1/118 

1/119 

1/120 

1/121 

1/122 

1/128 

1/124 

1A26 

1/126 

1/127 

1/128 

1/129 

1/180 

1/181 

1/182 

1/188 

1/184 

1/186 

1/186 

1/137 

1/188 

1/189 



Decinuilor 
B«eiproe«L 



•010204082 

•01010101 

•01 

•00990099 

•009803922 

•009708788 

•009616886 

•00962881 

•009488962 

•009846794 

•009269269 

•009174812 

•009090909 

•009009009 

•008928571 

•008849668 

•00877198 

•008696662 

•00802069 

•008647009 

•008474676 

•008403861 

•008838388 

•008264468 

•008196721 

•008180081 

•008064616 

•008 

•007986508 

•007874016 

•0078125 

•007761988 

•007692808 

•007688688 

•007676768 

•007618797 

•007462687 

•007407407 

•007862941 

•00729927 

•007246877 

•007194246 



IVaotiOtt 
orMomb. 



1A40 
1/141 
1/142 
1/148 
1A44 
1/146 
1A46 
1/147 
1/148 
l/li9 
1/160 
1/161 
1A62 
1/168 
1/164 
1/166 
1/166 
1/167 
1/168 
1/169 
1/160 
1/161 
1A62 
1/168 
1/164 
1/166 
1A66 
1A67 
l/ltS 
1/169 
1A70 
1A71 
1A72 
1A78 
1A74 
1A75 
1A76 
1/177 
1A78 
1A79 
1A80 
1A81 



DeeioMil or 
Reciprocal. 



•007142857 

•007092199 

•007042264 

•006998007 

•006944444 

•006896662 

•006849816 

•006802721 

•006766767 

•006711409 

•006666667 

•006622617 

•006678947 

•006685948 

•006498606 

•006461618 

•006410266 

•006869427 

•006829114 

•006289308 

•00626 

•00621118 

•00617284 

•006184969 

•006097661 

•006060606 

•006024096 

•005988024 

•006962881 

•00691716 

•006882868 

•006847968 

•006818968 

•006780847 

•006747126 

•005714286 

•006681818 

•006649718 

•006617978 

•006686692 

•006665666 

•006624862 



BKCIPROCALS OF NUMBERS. 
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Fneilon 
or Namb. 



1/182 
1/183 
1/184 
1/186 
1A86 
1/187 
1/188 
1/189 
1/190 
1/191 
1/192 
1/198 
1/194 
1/195 
1A96 
1/197 
1/198 
1/199 
1/200 
1/201 
1/202 
1/208 
1/204 
1/206 
1/206 
1/207 
1/208 
1/209 
1/210 
1/211 
1/212 
U2I8 
1/214 
1/216 
1/216 
1/217 
1/218 
1/219 
1/220 
1/221 
1/222 
1/228 



Deeim&l or 


Fraotipn 


BeoiprocaL 


1 or Numb. 


•006494606 


1/224 


•006464481 


1/226 


•006484783 


1/226 


•006406406 


1/227 


•006376S44 


1/228 


•006347694 


1/229 


•006319149 


1/230 


•006291006 


1/231 


•006263168 


1/232 


•006236602 


1/233 


•006208333 


1/234 


•006181847 


1/235 


•006164639 


1/236 


•006128206 


1/237 


•006102041 


1/238 


•006076142 


1/239 


•006060606 


1/240 


•006025126 


1/241 


•006 


1/242 


•004976124 


1/248 


•004960496 


1/244 


•004926108 


1/246 


•004901961 


1/246 


•004878049 


1/247 


•004864869 


1/248 


•004830918 


1/249 


"004807692 


1/260 


•004784689 


1/261 


•004761906 


1/262 


•004789336 


1/263 


•004716981 


1/264 


•0046948M 


1/266 


•004672897 


• 1/256 


•004661168 


1/267 


•00462963 


1/268 


•004608296 


1/269 


•004587156 


1/260 


•00466621 


1/261 


•004646466 


1/262 


•004524887 


1/263 


•004604606 


1/264 


•004484306 


1/265 



Decimal or 
ReoiprooaL 



•004464286 

•004444444 

•004424779 

•004405286 

•004386966 

•004366812 

•004847826 

•004329004 

•004310846 

•004291846 

•004273604 

•004266319 

•004287288 

•004219409 

•004201681 

•0041841 

•004166667 

•004149378 

•004132231 

•004116226 

•004098361 

•004081683 

•004065041 

•004048583 

•004032268 

•004016064 

•004 

•003984064 

•008968264 

•003952669 

•003937008 

•003921569 

•00390626 

•003891061 

•003876969 

•008861004 

•003846164 

•003831418 

•008816794 

•003802281 

•003787879 

•003773686 



Fraetioii 
or Namb. 



1/266 
1/267 
1/268 
1/269 
1/270. 
1/271 
1/272 
1/278 
iy274 
1/275 

1/277 

1/278 

1/279 

1/280 

1/281 

1/282 

1/288 

1/284 

1/286 

1/286 

1/287 

1/288 

1/289 

1/290 

1/291' 

1/292 

1/293 

1/294 

1/295 

1/296 

1/297 

1/298 

l/2€f9 

1/300 

1/301 

1/802 

1/308 

1/304 

1/305 

1/306 

1/807 



Deeimal or 
BaeiprooaL 



•008769898 

•003746318 

•003731343 

-003717472 

•003703704 

•003690037 

•003676471 

-003668004 

-003649636 

•003636364 

•003623188 

•003610108 

•003597122 

•003684229 

•003671429 

-003658719 

•003646099 

•003633669 

•003622127 

'003608772 

•003496508 

•003484821 

•003472222 

•003460208 

•003448276 

•008486426 

^003424658 

•003412969 

•003401261 

•003389881 

•003378378 

•003367003 

•003366706 

•003344482 

•003333883 

•003322269 

•003311268 

•00330188 

•008289474 

•003278689 

•008267974 

•008267829 
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RKCIPAOCALS OF KUHBEB8. 






\Wa 
\A\\ 

l/;il4 
l/Hir, 

I/HI 7 
I/HI A 
l/HI(f 
l/V/^> 
l/H'A\ 
M'AVA 

t/m 
I mi 

l/HH'i 
l/HJM 

l/»H4 

1/»«/» 

l/HJMi 
I/HA7 
l/HHM 
l/HHd 
1/H40 
I/H4I 
]/»42 
I/34H 
1/344 
l/»4/i 
l/Hid 
1/847 
i/84S 
1/340 



f M«lNI*l AT 


rnMiUna 


llii*lpr*Mj. 


nr NnlBb. 


•rxiH24^i7riB 


1/850 


-ma'zwviv) 1 


1/851 


•rm^'ifiWHi 


1/852 


'rx);s2 15444 


1/858 


'flTlfl'^lAlZM 


1/851 


fKlHl'/HHMM 


1/855 


•/Kl»lM47ia 


1/860 


•iMt^num 


1/857 


wmnw,! 


1/85H 


•fKini 54674 


1/850 


'fiflH 144454 


i/m) 


'/iriniH47(Ni 


1/8»H 


imi'Zft 


1/802 


firi»il52f)5 


1/8(',» 


fKia 10550 


1/804 


•Wi3W5t»75 


1/805 


-fHi^lHft42 


1/800 


•mmi'At'M 


1/807 


'intwmwt 


1/80H 


'iHtwtrMWi 


l/80» 


'OimiH7H 


1/870 


'imumitiM 


1/871 


'iminumn 


1/872 


•0^I«(I2II4M 


1/878 


•(HmOJ2<HM 


1/874 


•i)(fiUiimH}i\ 


1/875 


itiw.mi)\2 


1/870 


tmuHMm 


1/877 


iHmnni^ 


1/878 


«fKl2(l»785U 


1/879 


'iHmmM 


1/8H0 


•iifmimA 


1/881 


•W«W4ll7fl 


1/882 


'inmmrfni 


1/888 


iHmmuu 


1/884 


'WmnrAra 


1/885 


'iHmmnu 


1/880 


•(H;2MflH551 


1/887 


'002890178 


1/888 


-002881844 


1/889 


•002878668 


1/890 


•00280588 


1/801 



DMimal or 
lUelproML 



•002867148 

•002849008 

•002840909 

'002882861 

'002824859 

•00281G901 

•002808989 

•00280112 

•002798206 

•002786516 

•002777778 

•002770088 

•002702481 

•002754821 

•002747268 

•002789726 

•00273224 

•002724790 

•002717891 

•002710027 

•002702708 

•002096418 

•002688172 

•002080905 

•002078797 

•002006007 

•002069674 

•00205262 

•002046608 

•002088621 

•002081679 

•002024672 

•002617801 

•002010966 

•002G04167 

•002697408 

•002590674 

•002588979 

•002577-82 

•002570694 

•002664103 

•002557645 



Pracftfon 
orN«Bb. 



1/892 
1/^98 
1/894 
1/895 
1/896 
1/897 
1/898 
1/800 
1/400 
1/401 
1/402 
1/403 
1/404 
1/405 
1/406 
1/407 
1/408 
1/400 
1/410 
1/411 
1/412 
1/413 
1/414 
1/415 
1/416 
1/417 
1/418 
1/410 
1/420 
1/421 
1/422 
1/428 
1/424 
1/426 
1/426 
1/427 
1/428 
1/420 
1/480 
1/431 
1/482 
1/488 



DMlmalar 
B««fpffo«aL 



-00255102 

•002544520 

•002588071 

•002581646 

•002525258 

•002618802 

•002512563 

•002506266 

•0026 

•002408766 

•002487562 

•00248130 

•002476248 

•002460186 

•002463054 

•002457002 

•00245008 

•002444088 

•002480024 

•00248800 

•002427184 

•002421808 

•002415450 

•002409689 

•002406846 

•002898082 

•002892844 

•002886685 

•002880952 

002875297 

•002869668 

•002864066 

•002858491 

•002852941 

•002347418 

•00284192 

•002836449 

•002331002 

•002325581 

•002320186 

•002314816 

•002309469 



BSCXPROCALS OF NDMBEBS. 
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•rHi 



1/484 
1/485 
1/486 
1/487 
1/488 
1/489 
1/440 
1/441 
1/442 
1/448 
1/444 
1/446 
1/446 
1/447 
1/448 
1/449 
1/460 
1/461 
1/452 
1/458 
1/454 
1/455 
1/456 
1/467 
1/468 
1/469 
1/460 
1/461 
1/462 
1/468 
1/464 
1/466 
1/466 
1/467 
1/468 
1/469 
1/470 
1/471 
1/472 
1/478 
1/474 
1/475 



•002804147 

•00229886r 

-002298578 

•00228888 

•002288106 

•002277904 

•002272727 

•002267574 

•002262448 

•002257886 

•002252262 

•002247191 

•002242152 

•002287186 

•002282148 

•00222n71 

•002222222 

•002217295 

•002212889 

•002207506 

•002202648 

•002197802 

•002192982 

•002188184 

•002188406 

•002178649 

•002178918 

•002169197 

•002164502 

•002169827 

•002155172 

•002160588 

•002146928 

•002141828 

•002186752 

•002182196 

•00212766 

•002128142 

•002118644 

•002114165 

•002109706 

•002106268 



or Hank. 



1/476 

1/477 
1/478 
1/479 
1/480 
1/481 
1/482 
1/488 
1/484 
1/486 
1/486 
1/487 
1/488 
1/489 
1/490 
1/491 
1/492 
1/498 
1/494 
1/496 
1/496 
1/497 
1/498 
1/499 
1/500 
1/501 
1/602 
1/508 
1/504 
1/506 
1/506 
1/507 
1/508 
1/609 
1/510 
1/511 
1/512 
1/518 
1/514 
1/515 
1/516 
1/517 



DmIbmIw 



•00210084 

•002096486 

•00209206 

•002087688 

•002088888 

•002079002 

•002074689 

•002070898 

•002066116 

•002061856 

•002067618 

•002058888 

•00204918 

•00204499 

•002040816 

•00208666 

•00208252 

•002028898 

•002024291 

•002020202 

•002016129 

•002012072 

•002008082 

•002004008 

•002 

•001996008 

•001992082 

•001988072 

•001984127 

•001980198 

•001976285 

•001972887 

•001968604 

•001964687 

•001960784 

•001966947 

•001968125 

•001949818 

•001946625 j 

•001941748 

•001937984 

•001984286 



1/618 
1/619 
1/620 
1/521 
1/622 
1/528 
1/524 
1/526 
1/526 
1/627 
1/588 
1/529 
1/580 
1/581 
1/682 
1/588 
1/584 
1/586 
1/686 
1/687 
1/588 
1/589 
1/540 
1/641 
1/642 
1/548 
1/644 
1/545 
1/546 
1/547 
1/648 
1/649 
1/550 
1/561 
1/652 
1/558 
1/654 
1/565 
1/556 
1/667 
1/568 
1/569 



•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 



1980602 
1926782 
1928077 
1919986 
1916709 
1912046 
1908897 
1904762 
1901141 
1897588 
1898989 
1890869 
1886792 
1888289 
1879699 
1876178 
1872659 
18691(19 
1866672 
1862197 
1868786 
1855288 
1861862 
1848429 
1846018 
1841621 
1888286 
1884862 
1881602 
1828164 
1824818 
1821494 
1818182 
1814882 
1811694 
1808818 
1805054 
1801802 
1798661 
1796882 
1792116 
1788909 



u 
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61S 

019 

020 

021 

»>22 

G23 

.624 

.U25 

.026 

/027 

,028 

/G29 
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•'>JlO,:3;i77 

•0-»lr;L'i)74'5 

•0*)10l?*12:5 

■OtJlOlo.309 

H)01012003 

•001610306 

■001007717 

•001C0O136 

•001602564 

■0016 

•001507444 

•001594896 

•001592867 

•001589825 

•001587302 

•001584786 

•00158*2278 

•001579779 

•001577287 

•001574808 

•001572327 

•001569859 

•001567398 

(M) 1 564945 

■ooirir.-.»r> 

•tM)Wi(im)62 
(HH5:i7632 
(H)I.V>.%2I 



:':47 

:»>5i 

I -Mi 
1»>>3 
I*>>4 

16-50 
1.6o4 
1657 
1658 
1659 
1660 
1661 
1662 
1663 
1664 
1.665 
1666 
1,667 

1;668 

1/669 
1/670 
1/671 
1/672 
1/678 
1/674 
1/675 
1/676 
1/677 
1/678 
1/679 
1/680 
1/681 
1/682 
1,688 
l,/684 
lt>85 



I 



''»1>527S5 

•*>1.>479S8 
<•>! 5405^3 
■iVl.>4:52l 
-001^0^32 

-0U153S462 

<iOl53-)098 

•001533742 

•001531304 

•001o2l»e32 

•001526718 

-00162439 

■00152207 

■001519751 

-001517451 

•001515152 

•001512859 

•001510574 

•00150829G 

•001506024 

•001503759 

•001501502 

•00149925 

•001497006 

•001494768 

•001492537 

•001490318 

•0014S8095 

•001485884 

•00148368 

•001481481 

•00147929 

•001477106 

•001474926 

•001472764 

•001470588 

•001468429 

•001466276 

•001464129 

•001461988 

■001459864 



BECIPAOCAI.S OF NUMBEES. 
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Fraction 


Deohnalor 


Fraotion 


Deeimal or 


1 

fVaetUm 


Deeimmlor 1 


or Numb. 


Beeiproe^ 


or Numb. 


RoeiproeaL 


orNuab. 


BaeiprooftL I 


1/686 


•001457726 


1/728 


•001878626 


1/770 


•001298701 


1/687 


•001455604 


1/729 


•001871742 


1/771 


•001297017 


1/688 


•001458488 


1/780 


•001869868 


1/772 


•001295837 


1/689 


•001451879 


1/781 


•001.807989 


1/778 


•001298661 


1/690 


•001449275 


1,782 


•00186612 


1/774 


•00129199 


1/691 


•001447178 


.1/788 


•001864256 


1/775- 


•001290828 


1/692 


•001445087 


1/784 


•001862898 


1/776 


•00128866 


1/698 


•001448001 


1/785 


•001860544 


1/777 


•001287001 


1/694 


•001440922 


1/786 


•001858696 


1/778 


•001285847 


1/695 


•001488849 


1/787 


•001856852 


1/779 


•001288697 


1/696 


•001486782 


1/788 


•001855014 


1/780 


•001282051 


1/697 


•00148472 


1/789 


•00185818 


1/781 


•00128041 


1/698 


•001482665 


1/740 


•001351851 


1/782 


•001278772 


1/699 


•001480615 


1/741 


•001349528 


1/788 


•001277189 


1/700 


•001428571 


1/742 


•001847709 


1/784 


•00127551 


1/701 


•001426584 


1/748 


•001345895 


1/785 


•001278885 


1/702 


•001424501 


1/744 


•001344086 


1/786 


•001272265 


1/708 


•001422475 


1/745 


•001842282 


1/787 


•001270648 


1/704 


•001420455 


1/746 


•001840488 


1/788 


•001269086 


1/705 


•00141844 


1/747 


•001338688 


1/789 


•001267427 


1/706 


•001416481 


1/748 


•001386898 


1/790 


•001^66828 


1/707 


•001414427 


1/749 


•001835118 


1/791 


•001264228 


1/708 


•001412429 


1/750 


•001338888 


1/792 


•001262626 


1/709 


•001410437 


1/751 


•001381558 


1/798 


•001261084 


1/710 


•001408451 


1/752 


•001329787 


1/794 


•001259446 


1/711 


•00140647 


1/758 


•001828021 


1/795 


•001257862 


1/712 


•001404494 


1/754 


•00182626 


1/796 


•001256281 


1/718 


•001402525 


1/755 


•001824608 


1/797 


•001254705 


1/714 


•00140056 


1/756 


•001822751 


1/798 


•001258188 


1/715 


•001898601 


1/757 


•001821004 


1/799 


•001251864 


1/716 


•001896648 


1/758 


•001819261 


1/800 


•06126 


1/717 


•0018947 


1/759 


•001817528 


1/801 


•001248439 


1/718 


•001892758 


1/760 


•001815789 


1/802 


•001246888 


1/719 


•001890821 


1/761 


•00181406 


1/808 


•00124688 


1/720 


•001888889 


1/762 


•001812886 


1/804 


•001248781 


1/721 


•001886968 


1/768 


•001810616 


1/805 


•001242286 


1/722 


•001885042 


1/764 


•001308901 


1/806 


•001240696 


1/728 


•001888126 


1/765 


•00180719 


1/807 


•001289167 


1/724 


•001881^15 


1/766 


•001805488 


1/808 


•001287624 


1/725 


•00187981 


1/767 


•001303781 


1/809 


•001286094 


1/726 


•00187741 


1/768 


•001802083 


1/810 


•001884668 


1/727 


•001876616 


1/769 


•00180089 


1/811 


001288046 



88 



BECIPROCALS OF NUMBERS. 



FnettoB 
or Numb. 



1/812 
1/818 
1/814 
1/816 
1/816 
1/817 
1/818 
1/819 
1/820 
1/821 
1/822 
1/828 
1/824 
1/825 
1/826 
1/827 
1/828 
1/829 
1/880 
1/881 
1/882 
1/838 
1/884 
1/885 
1/886 
1/887 
1/888 
1/889 
1/840 
1/841 
1/842 
1/848 
1/844 
1/846 
1/846 
1/847 
1/848 
1/849 
1/850 
1/861 
1/862 
1/668 



DMimftlor 
Baeiproeml. 



•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
-00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 

oo 



1281627 

1230012 

1228501 

1226994 

1226499 

122899 

1222494 

1221001 

1219512 

1218027 

1216546 

1215067 

1213592 

1212121 

1210654 

120919 

1207729 

1206278 

1204819 

1208869 

1201923 

120048 

1199041 

1197606 

1106172 

1194743 

1198317 

1191895 

1190476 

1189061 

1187648 

118624 

1184834 

1188482 

1182083 

1180638 

1179245 

1177856 

1176471 

1175088 

1178709 

1172888 



Fra«tioa 
or Namb. 



1/854 
1/855 
1/856 
1/857 
1/858 
1/859 
1/860 
1/861 
1/862 
1/863 
1/864 
1/865 
1/866 
1/867 
1/868 
1/869 
1/870 
1/871 
1/872 
1/873 
1/874 
1/875 
1/87P 
1/877 
1/878 
1/879 
1/880 
1/881 
1/882 
1/883 
1/884 
1/885 
1/886 
1/887 
1/888 
1/889 
1/890 
1/891 
1/892 
1/893 
1/894 
1/895 



Doolmal or 
ReciprooAL 



•00117096 

•001169591 

•001168224 

•001166861 

•001165501 

•001164144 

•001162791 

•00116144 

•0011G0093 

•001168749 

•001167407 

•0011560C9 

•001164734 

•001163408 

•001152074 

•001160748 

•001149426 

•001148106 

•001146789 

•001145475 

•001144166 

•001142857 

•001141553 

•001140251 

•001138962 

•001137666 

•001136864 

•001136074 

•001133787 

•001132503 

•001131222 

•001129944 

•001128668 

•001127896 

•001126126 

•001124859 

•001 128696 

•0011223^4 

•001121076 

•001119821 

•001118668 

•001117818 



Fmetion 
or Namb. 



1/896 
1/897 
1/898 
1/899 
1/900 
1/901 
1/902 
1/908 
1/904 
V905 
1/906 
1/907 
1/908 
1/909 
1/910 
1/911 
1/912 
1/918 
1/914 
1/915 
1/916 
1/917 
1/918 
1/919 
1/920 
1/921 
1/922 
1/923 
1/924 
1/925 
1/926 
1/927 
1/928 
1/929 
1/980 
1/981 
1/932 
1/983 
1/984 
1/935 
1/936 
1/987 



DMimal or 
Reciproeal. 



•001116071 

•001114827 

•001118586 

•001112347 

•OOlllllll 

•001109878 

•001108647 

•00110742 

•001106195 

•001104972 

•001103758 

•001102636 

•001101322 

•00110011 

•001098901 

•001091696 

•001096491 

•00109629 

•001094092 

•00m)2896 

•001091703 

•001090518 

•001089326 

•001088189 

•0<n086957 

•001085776 

•001084599 

•001088428 

•001082251 

001081081 

•001079914 

•001078749 

^1077686 

•001076426 

•001076269 

•001074114 

•001072961 

•001071811 

•001070664 

•001069519 

•001068376 

•001067286 



BEOIPKOCALS OF NUUBBRS. 
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WnOitm 
«rN«aik 


Deefaaalor 
'Bo<itpmo>l 


FlTMdOft 

orNmoiK 


D^einudor 


FraefckHi 
orNoik 


BMipfMSL 


1/988 
1/989 
1/940 
1/941 
1/94? 
1/948 
iy944 
1/945 
1/946 
1/W7 
1/948 
1/949 
1/950 
1/951 
1/952 
1/958 
1/954 
1/955 
1/956 
1/957 
1/958 


•001066098 

•001064968 

•00106888 

•001062699 

•001061571 

•001060445 

•001059822 

•001058201 

•001057082 

•001055966 

•001054852 

•001058741 

•001052682 

•001051525 

•00105042 

•001049818 

•001048218 

•00104712 

•001046025 

•001044982 

•001043841 


1/959 
1/960 

1/961 
1/962 
1/968 
1/964 
1/965 
1/966 
1/967 
1/968 
1/969 
1/970 
1/971 
1/972 
1/978 
1/974 
1/975 
1/976 
1/977 
1/978 
1/979 


•001042758 

•001041667 

•001040588 

•001089501 

•001088422 

•001087844 

•001086269 

•001085197 

•001084126 

•001088058 

•001081992 

•001080928 

•001029866 

•001028807 

•001027749 

•001026694 

•001025641 

•00102459 

•001023541 

•001022495 

•00102145 


1/980 
1/981 
1/982 
1/988 
1/984 
1/985 
1/986 
1/987 
1/988 
1/989 
1/990 
1/991 
1/992 
1/998 
1/994 
1/995 
1/996 
1/997 
1/998 
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339-3^ 
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lU 
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no 
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Au«B o/tie SegmmU and Zona of a Clnie, of whuA Oe 
DiAMBTiB it Unily, and mppoted lo b» divided mta 1000 
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B.(I>»L 


IiXK. 


■001 


■0D0012 
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•036 


-009008 


•083969 


■002 
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■009383 


•086967 


-COS 
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■038 
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■037966 


■004 


■O003S7 
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■039 
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■086902 
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■043 
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■047 


■013392 
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-048 


-018818 


■047927 


■014 


■002199 


-013998 
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■014247 


■048922 


■016 


-00348H 


-0149LI8 
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■049917 
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•002685 


-015997 
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•021 


■001031 


■020994 
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■066877 


-023 
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ABEAS OF THE SESHENTS 09 A CIRCLE. 
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ABKAS OP THE SEOMBNTS 07 A CIBCLB. 
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213469 
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■159636 
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297 
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298 


■19G337 


■279273 
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■161386 


246900 


299 
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■280075 


■260 


■162263 


247756 


300 


■198168 


■28087Q 
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■163140 


248G08 


301 


■199085 


■281676 


■263 


■164010 


249461 


302 


■200003 


■282473 


<2flS 


■164809 


250212 


303 


■200022 


■283269 


■264 


■166780 


2S1I62 


804 


■201841 


■281063 


'26C 


■166663 


252011 


306 


•2027Q1 


■284857 


■26S 


-107546 


252861 


3oe 


-208683 


■285648 


■207 


■168-130 


263704 


307 


-304G05 


-280438 


'268 


-169815 


251649 


803 


■205327 


■287227 
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265392 


309 


■206451 


'2880U 


■270 


■171089 
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310 


■207876 
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ABEAS OF THB SISMBITCS OF A OIROLI. 
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Are* of 
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Zone. 


Segment. 


Zone. 


•811 


•208301 


•289588 


•361 


•245934 


•319588 


•812 


•209227 


•290365 


•862 


•246889 


•320249 


•818 


•210154 


•291146 


•853 


•247845 


•320968 


•814 


•211082 


•291925 


•854 


•248801 


•321666 


•816 


•212011 


•292702 


•355 


•249757 


•822871 


•816 


•212940 


•293478 


•356 


•250716 


•323075 


•817 


•213871 


•294262 


•357 


•251678 


•323776 


•818 


•214802 


•295026 


•358 


•252681 


•324474 


•819 


•216733 


•296796 


•359 


•253690 


•326171 


•820 


•216666 


•296565 


•360 


•264550 


•826866 


•821 


•217599 


•297333 


•361 


•265610 


•326569 


•822 


•218633 


•298098 


•362 


•256471 


•327250 


•828 


•219468 


•298863 


•363 


•267433 


•827989 


•824 


•220404 


•299625 


•364 


•258395 


•328625 


•825 


•221840 


•300386 


•365 


•259367 


•829810 


•826 


•222277 


•301145 


•366 


•260820 


•329992 


•327 


•228215 


•301902 


•867 


•261284 


•380678 


•828 


•224154 


•302668 


•868 


•262248 


•381361 


•829 


•226093 


•803412 


•3G9 


•263218 


•382027 


. -880 


•226083 


•304164 


•370 


•264178 


•882700 


•881 


•226974 


•304914 


sU 


•265144 


•383372 


•882 


•227916 


•305663 


•372 


•266111 


•334041 


•883 


•228858 


•306410 


•373 


•267078 


•334708 


•834 


•229801 


•307166 


•374 


•268045 


•885878 


•835 


•230745 


•807898 


•376 


•269013 


•336036 


•336 


•281689 


•308640 


•376 


•269982 


•886696 


•837 


•282634 


•309379 


•377 


•270951 


•337364 


•888 


•233580 


•310117 


•378 


•271920 


•888010 


•889 


•234526 


•310863 


•379 


•272890 


•338668 


•840 


•286473 


•311688 


•880 


•278861 


•889314 


•841 


•236421 


•312319 


•381 


•274882 


•339963 


•342 


•287369 


•813050 


•382 


•275803 


•840609 


•848 


•288318 


•313778 


•383 


•276775 


•341258 


•844 


•239268 


^14506 


•384 


•277748 


•841895 


•345 


•240218 


«6S90 


•385 


•278721 


•342634 


•846 


•241169 


•81M52 


•386 


•279694 


•343171 


•847 


•242121 


•816673 


•887 


•280668 


•343805 


•848 


•243074 


•317393 


•388 


•281645 


•844487 


•849 


•244026 


•318110 


•889 


•282617 


•34606T 
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^244980 


•318825 
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•288592 
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ASSA3 OF THB SBQMBNTS 07 A CIRCLB. 



B-\t>.l. 
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■*C^°' 


n.j(i». 


a;;r/t 


^ij;:' 


■391 


284588 


346318 


■481 


323018 


369010 


■892 


28&544 


346940 


■482 


324909 


369546 


mz 


286621 


347560 


■433 


826000 


370017 


■3B4 


28749S 


348177 


■434 


826893 


370545 


■S96 


288476 


84B791 


■435 


S2T8S2 


371010 


■3M 


289453 


349403 


■436 


828374 


871581 


■8fl7 


290433 


360012 


■437 


829666 


372019 


■BBS 


291411 


350619 


■438 


330858 y 


372503 


-399 


292390 


361223 


■439 


331860 


872933 


•MO 


293309 


S61824 


•440 


832848 


8731(10 


■101 


294849 


362423 


■441 


S33336 


873933 


-402 


29&330 


363019 


■442' 


384829 


874408 


■408 


290811 


853612 


■448 


835822 


3748W1 


-404 


297202 


364202 


■441 


336816 


875330 


-405 


298273 


354790 


446 


837810 


375788 


■m 


299265 


365370 


■446 


338804 


870343 


■407 


300238 


356958 


■447 


339798 


370092 


■408 


801220 


356537 


■448 


810793 


377188 


■409 


802203 


367114 


■449 


341787 


377580 


■410 


303187 




■450 


342782 


378018 


-411 


804171 


358268 


■451 


343777 


378162 


■412 


3051(>5 


858827 


■452 


314772 


878381 


-418 


800140 


359392 


■453 


345706 


379307 


■414 


307125 


359954 


■4.14 


346764 


879728 


-415 


308110 


860513 


'455 


347769 


380145 


■416 


309095 


361070 


'456 


348766 


380557 


-il7 


310061 


361623 


■457 


319752 


8SO905 


■418 


311068 


302173 


■458 


350748 


381309 


■419 


312064 


882720 


■460 


35174B 


381708 


■420 


813041 


303264 


■460 


352743 ' 


882162 


■421 


314029 


303805 


■461 


353739 


3S2551 


■422 


316016 


364343 


■462 


354 MO 


882980 


■423 


31 6004 


304878 


■463 


355732 


8S3316 


■424 


31B992 


365410 


-4M 


856730 


888691 


■425 


317981 


305939 


•U& 


«57727 


884001 


■428 


S18970 


866463 


«?. 


358725 


384420 


■427 


319959 


300986 


369723 


384786 


-42B 


S2094B 


367504 


■468 


360721 


365141 


'429 


821938 


368019 


■409 


361719 


885490 


■430 


832928 


30S531 


■470 


862717 


385834 



52 AKEA OF TH£ 8B6XEST OF A dRCLE, ETC. 



1 


AmflT 


Aimtf 




AX*M«t 


1 ■ ■ — ■ 

Anaaf 


Hci^A. 




1 ^ 

***** 


, Height. • 




-Zoa«. 


-471 


•S63715 


•386172 


: -486 


•378701 


; 390500 


A7t 


•S64713 


; 386505 


: -487 


•379700 


; -390730 


-478 


•S6571J 


i -386S82 


•4S8 


•3S0700 


•390953 


■ -474 


•S66710 


; -387158 


-489 


•381699 


•391166 


-475 


•367709 


•387469 


. 490 


•382699 


•391370 


-476 ' 


•868708 


•387* i8 


-491 


•883699 


! 391564 


-477 : 


•369707 


^88081 


: -492 . 


-38^9 
•385Bll9 


1 -391748 


•478 • 


•il0706 


•388377 


: -493 


-391920 


•479 . 


•371704 


-388669 


•494 


•386699 


•892081 


•480 : 


•372704 


•388951 


-495 


•387699 


•892229 


-481 


•378708 


•389228 


^ -496 ; 


•388699 


•392362 


•482 1 


•374702 


•389497 


•497 


•389699 


•392480 


•483 ' 


•375702 


•389759 


-498 i 


•390699 


•392580 


-484 


•376702 


•390014 


■ -^^ 1 


•391699 


•892657 


•485 


•377701 


•390261 


500 1 


•392699F 


•892699 



To find the Area of the Segment of a Circle. 

BuiiE. — Divide the height, or versed sine, by the 
diameter of the circle, and find the quotient in the 
colomn of heights. 

Then take out the corresponding area, in the 
colomn of areas, and multiply it by the square of 
the diameter; this will give the area of the seg- 
ment. 



*^:.: 



'^'.^ Example. — Required the area of a segment of a 
^ -" circle, whose height is 3 J feet, and the diameter of 
the circle 50 feet. 

8 J = 3-25; and 3-25 -r- 50 = -065. 

•065, as per Table, = -021659 ; and -021659 X 
60« — 54*147500, the area required. 



AREA OF A CIBCULAB ZONE. 58 

To find the Area of a Oircular Zone. 

Rule 1. — ^When the ssone is less than a semi- 
circle, divide the height by the longest chord, and 
seek the quotient in the column of heights. Take 
out the corresponding area, in the next column on 
the right han^ and multiply it by the sq^e of the 
iongest chord ; the product will be the area of the 
sone. 

Example. — Required the area of a zone whose 
longest chord is 50, and height 15. 

15 -^ 60 « -300; and -300, as per Table, = -280876. 
Hence -280876 x 50^ = 702-19, the area of the zone. 

Rule 2. — When the zone is greater than a semi- 
circle, take the height on each fiide of the diameter 
of the circle, and find, by Rule 1, their resp^ive 
areas ; the areas of these two portions, added to- 
gether, will be the area of the zone. 

Example. — Required the area of a zone, the di- 
ameter of the circle being 50, and the height of the 
zone on each side of the line which passes through 4l^ 
the diameter of the circle 20 and 15 respectively. ^ 

20 -*- 50 « -400 ; -400, as per Table, = -351824; 
and -351824 X 50« « 879-56. "■ 

15 -f- 50 « -300 ; -300, as pef Table, = -280876; 
and -280876 x 50» « 702-19. 

Hence 879-56 + 702-19 = 1^81-75. 

5» 




V"jf 
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54 AEXA 07 THX SBQMSST OF A GIKCLB. 

Approximaiinff Bule tofimdtke Artatfa Segment 

of a C&efe. 

Bulb. — ^Miftiply the diord of the segment by 
the yersed sine, diyide the product bj S, mnd mnlti- 
plj the remainder by 2. 

Cube Ae height, or yersed sine,^d how often 
twice the length of the chord is c<mtmined in it, an^ 
add the quotient to the former prodnct : this wUl 
gire the area of the segment yery nearly. 

Example. — ^Required the area of the segment of 
a eirde, the chord being 12, and the yersed sine 2. 

24 
12 X 2 = 24; -5-= 8; and 8 x 2 =;= 16. 

2^-4-24 (12 X 2) = -3333. 
Bence 16 + -3333 = 16-3833, the area of the 
segment yery nearly. 



■IT 
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TABLE V. 



Proportions of the LengOu of Circular Ares. 



Height 


Length 


Height 


Length 


Height 


Length 


Height 


Length 


of Azo. 


of Arc. 


of Arc. 


of Arc. 


of Are. 


of Arc. 


of Arc. 


of Arc. 


•100 


1-02645 


•185 


1-04792 


-170 


1-07537 


-205 


1 •10856 


•loi 


1-02698 


•186 


1-04862 


•171 


1-07624 


-206 


110968 


•102 


1-012752 


•187 


1-04982 


-17^ 


107711 


•207 


1-11062 


•108 


1-02806 


•188 


1-05008 


•173 


1-07799 


-208 


1-11165 


•104 


1-02860 


•189 


1-05075 


•174 


1-07888 


•209 


1-11269 


•105 


1-02914 


•140 


105147 


•175 


1-07977 


i -210 


111374 


•106 


1-02970 


•141 


1-05220 


•176 


1-08066 


; -211 


1-11479 


•107 


1O8026 


•142 


1-05293 


•177 


1-08156 


•212 


1-11584 


•108 


1-08082 


•143 


105867 


•178 


1-08246 


•213 


1 -11692 


•109 


1-08189 


•144 


1-05441 


•179 


1-08337 


-214 


1-11796 


•110 


1-08196 


•145 


1-05516 


-180 


1-08428 


-215 


1-11904 


•111 


1-08254 


•146 


1-05591 


•181 


1-08619 


•216 


1-12011 


•112 


1-08812 


-147 


1-05667 


-182 


1-08611 


•217 


1-12118 


•118 


1-08871 


•148 


105743 


•183 


1-08704 


•218 


1-12225 


•114 


1-08480 


-149 


105819 


-184 


1-08797 


•219 


11 2334 


•115 


1-08490 


•150 


105896 


-185 


1-08890 


•220 


1-12445 


•116 


1-08551 


•151 


1-05973 


-186 


1-08984 


•221 


1-12656 


•117 


1-08611 


•152 


1-06051 


•187 


1-09079 


•222 


1-12668 


^18 
^19 


1-08672 


•158 


106180 


-188 


1-09174 


•223 


1-12774 


1-08784 


-154 


106209 


-189 


1-09269 


•224 


1-12885 


•120 


1-08797 


•155 


1-06288 


•190 


1-09365 


•225 


1-12997 


•121 


103860 


•156 


1-06368 


-191 


1-09461 


•226 


1-13108 


•122 


1-08928 


-157 


1-06449 


•192 


1-09657 


-227 


1-13219 


•123 


1-08987 


•168 


1-06530 


-193 


1-09654 


•228 


1-18331 


•124 


1-04051 


•159 


1-06611 


-194 


1-09762 


-229 


1-13444 


•125 


104116 


•16a 


106693 


-195 


1-09860 


-230 


.1-13657 


•126 


1-04181 


•161 


1-06775 


-196 


109949 


-231 


1-13671 


•127 


1-04247 


•162 


1-06858 


•197 


1-10048 


•232 


113786 


•128 


1-04818 


•163 


1-06941 


•198 


1 10147 


•233 


1-13903 


•129 


1-04880 


•164 


107025 


•199 


M0247 


•234 


1-14020 


•180 


104447 


•165 


1-07109 


•200 


1-10348 


•235 


1-14136 


••181 


1-04515 


•166 


1-07194 


•201 


1-10447 


•286 


1-14247 


•182 


1-04584 


•167 


1-07279 


-202 


1-10548 


•237 


114368 


•188 


1-04652 


•168 


1-07865 


•208 


1-10660 


•288 


114480 


•184 


1-04722 


•169 


1-07451 


•204 


110752 


•289 


1-14597 



jJL^ 



FBOFOKTIONS 07 CIRCULAa ARCS. 



S'JS' 


l«(Hll 


S'ifi' 


t°j^ 


ffIS' 


'f3? 


n«J«h' 


LQ^h 


















■240 


1 14714 


■283 1 


20146 


■828 1 


262S6 


■369 1 


83069 


■241 


M4831 


•284 1 


20282 


■327 1 


26437 


■370 1 


83231 


■242 


1 ■14949 


■285 1 


20419 


-328 1 


28588 


■871 1 


83399 


■243 


1^150B7 


■286 1 


20568 


■829 1 


28740 


■372 1 


83561 


■244 


1-I6l8a 


■287 1 


20696 


■880 1 


28892 


■378 1 


83730 


•24S 


1 ■15308 


■288 I 


20828 


■331 1 


270« 


■371 1 


S3896 


■246 


1^1 6429 


■289 1 


20967 


■332 I 


27196 


■875 1 


84063 


■247 


llSolfl 


■290 1 


21202 


■888 1 


27849 


•876 1 


84229 


■248 


1^168T0 


■291 1 


2123S 


■83* I 


27502 


■377 1 


34896 


■249 


1^1 5791 


■292 1 


21881 


■sas 1 


27656 


■878 1 


81568 


■250 


1.15Q12 


■293 1 


21620 


■386 I 


27810 


■379 1 


81781 


■251 


M603a 


■291 1 


21658 


■837 1 


27864 


■380 1 


84899 


■252 


M0157 


■295 1 


21794 


■388 1 


2S11B 


■881 1 


35068 


■2Sa 


1^1 6279 


■296 1 


21926 


■339 1 


28273 


■382 1 


35287 


■264 


1^10402 


■297 1 


22061 


■340 1 


28428 


■383 1 


85106 


■255 


1 ■16526 


■298 1 


22203 


■841 1 


28683 


-884 1 


35o76 


■268 


1^1Q849 


■299 1 


2-2847 


■342 1 


28739 


-886 1 


85744 


■2S7 


1^16774 


■300 I 


22495 


■343 1 


28896 


-886 1 


36914 


■258 


1^1 6899 


■801 t 


226S5 


■844 1 


29052 


■387 1 


86084 


■259 


1 ■17024 


■302 I 


22776 


■845 1 


29209 


■888 1 


■80254 


■260 


1-17150 


-808 I 


22918 


■348 1 




■889 1 


36425 


■281 


M7275 


-304 I 


28061 


■347 1 


29528 


■390 1 


38696 


■282 


1^17401 


■305 1 


23205 


■348 1 


29681 


■391 1 


86767 


■263 


1 ■17527 


-B06 1 


23849 


■349 1 


29839 


■892 1 


309^9 


■204 


1^1 7655 


-807 1 


23494 


■350 1 


29997 


-398 1 


37111 


■206 


1 ■17784 


■808 1 


23ti36 


■851 1 


30156 


-394 I 


37283 


■208 


M7912 


-309 I 


23780 


■352 1 


30816 


-89S 1 


3745£ 
S7B28 


■207 


1^1 8040 


■810 1 


23925 


■853 I 


30474 


-396 I 


■268 


1-18162 


■311 1 


24070 


■354 1 


30684 


■807 1 
■898 1 


37801 


■269 


M82g4 


■312 1 


24216 


■355 1 


30794 


37974 


■270 


1^1842B 


■813 1 


24860 


■356 1 


80964 


■399 1 


38148 


■271 


1 ■I 8557 


■814 1 


24506 


■357 1 


31116 


■400 1 


83322 


■272 


118888 


-315 1 


24654 


■858 1 


31276 


■401 1 


38496 


■27B 


1:18819 


■316 I 


24801 


■359 1 


81437 


■402 1 


8B671 


■274 


M8969 


■317 1 


24946 


■300 1 


31599 


■403 1 


88846 


-275 


1-19082 


■318 1 


25095 


■361 1 


31761 


■404 1 


39021 


■276 


1 -19214 


■319 1 


25243 


■362 1 


31928 


■405 1 


39196 


■277 


1 ■19845 


-320 1 


26391 


•363 1 


83088 


-406 1 


89372 


■278 


1^!9477 


■321 1 


25539 


■864 1 


32249 


■407 1 


39648 


■279 


MB6I0 


■322 1 


25688 


•865 1 


82413 


■408 1 


39724- 


■280 


1-19743 


■828 1 


25886 


-860 1 


825T7 


■409 1 


39900 


■281 


M9887 


-834 1 


25937 


■367 1 


32741 


-410 1 


40077 


■282 


1 '20011 


-325 1 


26187 1 


■388 1 


82905 


■411 1 


40261 



PROPORTIONS OF CIRCULAR ARCS. 



67 



H«ight 


Length 


Height 


Length 


Height 


Length 


Height 


Length 


of Are. 


of Are. 


of Arc. 


of Are. 


of Are. 


of Are. 


of Are. 


of Are. 


•412 


1-40432 


-435 


1-44589 


•457 


1-48699 


-479 


1-52931 


•413 


1^40610 


-436 


1-44773 


-458 


1-48889 


-480 


1-63126 


•414 


1-40788 


•437 


1-44957 


-459 


1-49079 


-481 


1 •53322 


•415 


1-40966 


•488 


1-45142 


-460 


1-49269 


-482 


1-63518 


•416 


1-41145 


-489 


1-45327 


-461 


1-49460 


•483 


1-68714 


•417 


141324 


-440 


1-45512 


-462 


1-49651 


-4S4 


1-53910 


•418 


1-41503 


-441 


1 -45697 


•463 


1-49842 


-485 


*1 -54106 


•419 


1-41682 


•442^ 


1-45883 


-464 


1-50038 


-486 


1-54302 


•420 


1-41861 


-443 


1-46069 


-465 


1-50224 


•487 


1-54499 


•421 


1-42041 


-444 


1-46255 


-466 


1-50416 


•488 


1-64696 


•422 


1-42222 


-445 


1-46441 


-467 


1-50608 


•489 


1-54893 


•428 


1-42402 


•446 


1-46628 


-468 


1-50300 


-490 


1-55090 


•424 


1-42583 


-447 


1-46815 


•469 


1-50992 


-491 


1-56288 


•425 


1-42764 


-448 


1-47002 


•470 


1-51186 


•492 


1 -65486 


•426 


1-42945 


•449 


1-47189 


•471 


1-51378 


•493 


1 •55685 


•427 


1-43127 


•450 


1-47377 


-472 


1-51571 


•494 


1-56864 


•428 


1-43309 


•451 


1-47565 


-473 


1-51764 


•495 


1-56083 


•429 


1-43491 


-452 


1-47753 


-474 


1-51958 


•496 


1-66282 


•430 


1-43678 


•453 


1-47942 


•476 


1-52162 


•497 


1-56481 


•431 


1-43856 


-464 


1-48131 


•476 


1-52346 


-498 


1-66680 


•432 


1^44039 


-455 


1-48320 


-477 


1-52541 


•4^9 


1-66879 


•433 


1-44222 


-456 


1-48509 


•478. 


1-52736 


-500 


1-57079 


•434 


1-44405 




• 


. 









lYoporHmu of At U»gAt of Semi-EBiplic Jreo, 



5K 


^ 


?Ki ;?^ 


5^ 


i?lSt 


-A^ 


^S£ 


-100 


1-041G2 


■185 1-07726 


■170 


111569 


-205 


115602 


-101 HM262 


■136 


1-07831 




111632 


■206 


1-16730 


■102 l-<HSa2 


-187 


1-07937 


■172 


1-11795 


-207 


1-1683S 


■103 1^»M62 


-138 


1-08043 


■173 


111908 


-208 


1-15957 


-lU l-015tB 


■189 


1-08149 


■174 


1-12021 


-209 


1-16076 


-106 


1-0*662 


•140 


1-08255 


■175 


1-12IS4 


-310 


1-16196 


-106 


1-04762 


■141 


1-08362 


■176 


1-13347 


-211 


1-16316 


•107 


1-04862 


■143 


lflM69 


-177 


1-12860 


-212 


l^lftl36 


•108 


1-04962 


-1*3 


1-08676 


•178 


112478 


•SIS 


1-16667 


-109 


t-06063 


■144 


1-086S4 


-179 


M256e 


-3U 


1-16678 


-110 


1-05161 


■145 


1-08702 


■180 


1-I26B9 


-216 


1-16799 


■111 


I -05265 


■146 


1-08901 


-ftl 


1-12818 


•21ft 


1-16920 


-112 


1-06806 


■147 


1-09010 


-182 


1-12927 


•217 


1-17011 


■113 


1-05467 


■148 


1-09119 


■183 


1 13011 


•218 


1-17168 


■lU 


1-05668 


■149 


1-09238 


■184 


118166 


•219 


1-1728B 


■115 


1-05669 


-160 


1-09330 


■185 


1-18269 


•230 


1-1 7407 


■lie 


I -05770 


161 


1-09448 


•188 


I -18383 


•221 


1-17529 


■117 


1-05872 


•152 


1-09568 


-187 


1-13497 


•222 


117661 


■IIB 


1-06974 


■153 


1-09669 


-188 


1-13611 


■323 


1-17774 


■119 


1-06076 


•154 


1-09780 


■189 


1-13726 


■221 


1-17897 


•120 


1-06178 


■156 


1-09891 


-190 


113841 


•226 


118020 


■121 


1-08280 


■156 


1-10002 


•191 


1-18966 


•226 


118148 


■122 


1-06382 


■157 


110118 


•192 


1-14071 


-227 


1-18266 


■123 


1-06484 


•158 


1-10224 


-193 


114186 


•228 


1-IS390 


■124 


1-0668G 


159 


1-10336 


■194 


1-11301 


•229 


1-I8S14 


■126 


1-06689 


■160 


1-10447 


-195 


1^14416 


■230 


1-18638 


■126 


1 -0679a 


■161 


1-10560 


•196 


1-14531 


■231 


1-18762 


•137 


1-06895 


-162 


110672 


-197 


1-14646 


■232 


1-18886 


■128 


1-06Q98 


■163 


1-10784 


198 


1-14762 


■233 


119010 


■129 


1-07001 


-164 


1-10896 


■199 


1-14888 


-234 


1-19134 


■ISO 


1-07204 


-165 


1-11008 


•200 


1-15014 


■236 


1-19268 


■131 


1-07308 


■166 


1-11120 


-201 


1-15181 


■236 


1-19382 


■132 


1-07412 


■167 


1-11232 


-202 


1-15248 


-23- 


119506 


133 


1 -07516 


■168 


1-11844 


•203 


1-16366 


-238 


M9630 


■131 


1-07621 


•1S9 


1-11466 


■204 


115184 


•239 


1-19765 



faopomidus op semi-elliptic abcb. 



5'a" 


t«BO. 


H.ljil 


fS5? 


rfiS' 


-■Bh 


H<<l^t 


[■Uftt 












>f4n. 




XAl*. 


'240 


1 '19880 


-283 1 


25406 


-326 1 


31198 


-369 1 


87268 


■241 


1-20006 


■284 1 


26533 


■327 1 


31335 


•870 1 


3T414 


■242 


1-20130 


■28fi 1 


26670 


■328 1 


31472 


-871 1 


87662 


■243 


1 -20266 


■288 1 


26803 


-320 1 


81610 


-372 1 


37708 


■244 


1-20880 


■287 1 


25936 


-380 1 


81748 


■378 I 


378S4 


■246 


1-20506 


-288 1 


26069 


-331 1 


31886 


■374 1 


38000 


246 


1-20632 


■289 1 


26202 


-332 1 


32024 


■376 1 


88146 


■247 


1-20758 


■290 1 


20335 


■333- 1 


32162 


-376 1 


38292 


■248 


1-20884 


-291 1 


26*68 


-834 I 


32300 


-377 1 


88439 


■249 


1-21010 


■292 1 


26001 


-335 I 


82488 


■378 1 


38585 


■260 


1-21189 


■293 1 


26734 


■386 I 


32576 


•379 1 


88782 


■261 


1-21263 


-294 1 


26867 


-387 1 


82715 


'380 t 


38879 


■262 


1-21890 


■295 1 


27000 


-338 1 


32854 


'381 I 


39024 


-268 


1-21617 


■296 1 


27133 


-389 1 


32998 


■382 1 


39169 


■264 


1-21614 


-207 1 


27267 


-840 1 


38132 


'883 1 


39314 


■266 


1-21772 


■298 1 


27401 


-341 1 


83272 


-384 1 


39450 


-268 


1-21000 


-299 I 


27635 


'342 1 


33412 


■885 1 


89606 


•267 


1 '22028 


'300 1 


27669^ 


'343 1 


33562 


'886 1 


39751 


■26« 


1-22166 


-301 1 


27803 ; 


■344 1 


83692 


-387 1 


89897 


-269 


1-22284 


-S03 1 


27987 


■3J5 1 


33833 




40048 


<2S0 


1-22412 


-308 1 


28071 1 


■34C 1 


33974 




40189 


■281 


1-22641 


'304 1 


28205' 


■347 1 


^4115 


'390 1 


40336 


■262 


1 -22670 


-805 1 


28339 ! 


•348 1 


84256 


-391 1 


40481 


■268 


1-22799 


■306 1 


28174' 


■349 1 


84397 


-392 1 


40627 


•264 


1 '22928 


■307 1 


28609 ; 


■350 1 


34539 




40778 


■266 


1-23067 


'308 1 


28744 


'351 1 


34681 


-894 1 


40919 


■266 


1-23180 


-309 I 


28879 


■352 1 


34823 


'395 1 


41065 


-267 


1-23S1G 


-310 1 


29014 


-353 1 


34966 




41211 


•268 


1-23446 


'311 1 


29149 


■354 1 


35108 


■397 1 


41857 


■260 


123676 


-812 1 


29286 


'855 1 


35251 


-898 1 


41504 


■270 


1-28706 


'813 1 


29421 


■856 1 


35394 


'399 I 


■41651 


■271 


1-23836 


■814 I 


29667 


■357 1 


35537 


■400 1 


41798 


■272 


1-28966 


'815 1 


29003 


-358 1 


35680 


■401 1 


41946 


-278 


1-24097 


-316 1 


29829 


-369 1 


86823 


-402 1 


42092 


•274 


1-24228 


-317 1 


29BG5 


-360 I 


359C7 


-403 I 


42239 


■275 


1-24359 


-818 1 


30102 


■301 1 


36111 


-404 1 


42386 


■276 


l-244ga 

1 ■24812 


-319 1 


80239 


■362 1 


30255 


■406 1 


12538 


■277 


■820 1 


80876 


-363 1 


86399 


■406 1 


■42681 


■278 


1 '24744 


■821 1 


30613 


-364 1 


36643 


-407 1 


■42820 


•2T9 


1'24S70 


■322 1 


80050 


■865 1 




-408 1 


42977 


-280 


126010 


■323 1 


30787 




86833 


'400 1 


43126 


■281 


1-26142 


■824 1 


30924 


■367 1 


86978 


-410 1 


43278 


■2S2 


1-26274 


■S36 1 


81001 1 


■aS8 1 


37123 


■ill I 


4S42I 



PROPORTIONS or EKSH-BLLIPTIO AKCS. 



B.ifbl 


J?55J 


n.lihi 


L«(lh 


HXjbl 


l^Bdb 


H.«h( 


LoDgUi 


otAre. 




■yitim. 


ofln 


or&H. 


"*~ 


nf^I. 


Diis; 


■112 


1-43563 


'155 


1-60077 


-498 


1 ■56763 


■641 


1-63466 


■lis 


1^4371S 


-156 


1-60230 


-499 


1-56921 


■542 


1-63623 


■114 


1-43867 


■467 


1-60383 


■500 


1-67089 


-543 


1-63780 


•116 


Mioie 


-458 


J -60536 


■501 


1-67284 


-644 


1 -63087 


■416 


1-44165 


■469 


1-50689 


■602 


1 57889 


-54ft 


1-61094 


■417 


1 -44314 


-400 


1-60S42 


-503 


1-67544 


■feio 


1-04251 


■118 


1-44463 


-4G1 


1 ■60006 


-504 


1-67699 


517 


1-64108 


■419 


1-44618 


-403 


1^51160 


-505 


1-67854 


■648 


1-64505 


■120 


1-41768 


-468 


1-51304 


-500 


1-68009 


■649 


1-04722 


■421 


1-44Q13 


-464 


1-61458 


-507 


1-68161 


-550 


1-64870 


■422 


1 •15061 


■465 


1-51812 


-508 


1-68319 


■651 


1-66036 


-123 


1-15214 


■468 


1-51766 


-509 


1-68471 


-552 


1 ■65198 


■124 


1-45364 


407 


1-61020 


■610 


1-68620 


■553 


1-66350 


-125" 


1-45515 


108 


1-62074 


■511 


1-58784 


■554 


1-66507 


'42C 


1-45685 


-169 


1-52229 


■612 


1 ■58940 


■555 


1 '65665 


■427 


1-45815 


470 


1-52384 


-613 


1-59006 


-656 


1-66828 


■128 


1-45966 


471 


1-52539 


-514 


1-69252 


■657 


1-66981 


■129 


1-46167 


-172 


1 ■62691 


.-515 


1-59408 


■558 


1-66139 


•180 


1-4U26B 


■173 


1-52849 


-616 


1-59561 


-559 


166297 


■ISl 


146419 


-474 


1-53004 


-517 


159720 


■660 


1-66465 


■482 


1-16570 


475 


1-63159 


-518 


1-59876 


-561 


1-66613 


■188 


1-46721 


■176 


1-63314 


-619 


1-60032 


■602 


1-00771 


■184 


1-46872 


■177 


1 ■53469 


■520 


1-60188 


■668 


1 ■68029 


■488 


I-4702S 


-473 


1-68625 


■521 


1 ■80344 


-664 


1-67087 


■186 


1-47174 


■179 


1 ■63781 


-522 


1-80600 


■666 


1-67215 


■137 


1-47326 


480 


1-53937 


■623 


1 60656 


-566 


1-67103 


-438 


1-47478 


■181 


1-54093 


-624 


1-60812 


-567 


1-67561 


■439 


1-47630 


482 


1-51249 


-525 


1-60968 


■668 


1-67719 


■440 


1'47782 


■188 


1-64405 


-626 


1-61124 


-669 


1-67877 


■m 


I-4T934 


-481 


1-54561 


-527 


1-61280 


-570 


1-0803S 


•142 


1-18086 


485 


1-5*718 


-528 


1-61436 


-571 


1-68105 


-44S 


1-48288 


-186 


1 ■54875 


•529 


1-81692 


-572 


1-08364 


■144 


1-4B391 


■487 


1-65032 


■630 


1-01718 


-673 


1-08513 


■446 


1-48544 


48B 


1-65189 


■581 


1-61904 


-574 


1-08672 


■446 


1-4B897 


■189 


1-55346 


-532 


1-62060 


■576 


1-68881 


-447 


1-48850 


■490 


1-65503 


-583 


1-62216 


■576 


1-68990 


■146 


1-49008 


491 


1-56600 


-584 


1-62372 


-677 


i-Goiie 


■149 


1 -49167 


492 


1-55817 


-535 


I ■62528 


«78 


1-69308 


•460 


1-40811 


498 


1 -65071 




I-fi-if!Hj 




1 ■!:!'467 


■461 


1-10106 


■194 


l-6rir:> 










•462 


1-4%18 


■405 












■153 


1^49;71 


-4% 


l-*.|:. 










<«4 


1-40921 


■497 


I'oliiid.-. 


..11 


1 "■■ ■' 




1 ;01U5 



PB0POBTI0N8 OF SEMI-ELLIPTIC A£CS. 



5°*" 


Uzpi 


H=rghi 


L.n(Ul 


H°W' 


rf^ 


Height 


L.L(U. 














of Arc 


tAre. 


■584 


1-70284 


-827 


1 ■771 97 


■670 1 


84226 


■713 1 


91355 


-585 


1-70124 


-628 


1-77369 


■671 1 


84391 


■714 1 


91623 


'5S(i 


1-70684 


-629 


1'77G2I 


■672 1 


81556 


-715 I 


91691 


•6S7 


1-70746 


■030 


1-77684 


■673 1 


84720 


■718 1 


91869 


■588 


1-70005 


-631 


1-77847 


■674 1 


84886 


■717 1 


92027 


■589 


1-71065 


-632 


1-78009 


■675 1 


85060 


■718 1 


92195 


-590 


1 '71225 


-033 


1-78172 


-676 1 


85215 


-719 1 


92803 


•591 


1-71 280 


'031 


1-78386 


■677 1 


85379 


■720 1 


92531 


■&9a 


1-71516 


'636 


1 '78498 


■078 I 


85544 


■721 1 


92700 


■593 


1-71707 


'636 


1 '78600 


■670 1 


86709 


-722 1 


92808 


'634 


1 ■71868 


'637 


1 '78823 


■680 1 


86814 


■723 1 


93036 


-695 


1-72029 


-638 


1 -78986 


■681 1 


8C039 


■721 1 


93204 


■590 


1-72190 


'639 


1-79149 


■682 1 


80205 


-725. 1 


98378 


■697 


1-72360 


'640 


1'79312 


■U83 1 


86370 


-726 1 


93541 


■698 


1 ■72511 


-641 


1-79475 


■084 1 


86535 


-727 1 


93710 


■699 


1^726T2 


-842 


1'79S38 


■685 1 


86700 


-728 1 


03878 


■600 


1-72833 


'613 


1 '79801 


-0&6 1 


80866 


-729 1 


94046 


-601 


1^72994 


■644 


1 ■799611 


-087 1 


87031 


'780 1 


94215 


■60^2 


1-73166 


■645 


1-80127 


■688 I 


87196 


'731 1 


94388 


-603 


1 ■7331 6 


■646 


180290 


-089 I 


873S2 1 


■782 1 


91562 


-804 


1^73477 


'617 


1 '80454 


-090 1 


87627 


■738 1 


94721 


-806 


1-73638 


'648 


1 '80617 


■691 1 


87093 


-784 1 


94890 


■806 


1-73799 


-610 


1-80780 


-B92 1 


^8^ 


-786 1 


95069 


■807 


1 '73900 


-650 


1-80943 


-093 1 


'786 1 


95228 


■008 


1-74121 


'65t 


1-81107. 


■694 1 


J8190 


■787 1 


95397 


■609 


1 ■71288 


■852 


1-81271 , 


-096 I 


88358 


■788 1 


95566 


-BIO 


1-74444 


-653 


1 -81435 


■096 1 


38522 


-739 1 


95785 


■en 


1-74605 


-654 


1^81699 


■S97 I 




'740 -1 


95994 


■612 


1-74787 


-855 


1 '81763 


-898 1 


B8S54 


-741 1 


B0074 


-618 


1-74929 


■656 


1-81923 . 


■099 1 


89020 


-742 1 


90244 


-614 


1-75091 


-667 


1-82091 i 


■700 1 


89186 


'743 1 


90114 


■61S 


1-75252 


'668 


1-82255 1 


■701 1 


89352 


'744 1 


98683 


■816 


1-75414 


■050 


I-82110 1 


■702 1 


89619 


-745 1 


90763 


■617 


1-76678 


-060 


1-82583 


-703 1 


89686 


-746 1 


06923 


■618 


1-75738 


-861 


1-82747 i 


-704 1 


89651 


■747 1 


97093 


■019 


1-75900 


■662 


1-82911 


-705 1 


90017 


■748 1 


97262 


■620 


1-76002 


-663 


1-83075 


■70Q 1 


90184 


■749 1 


97432 


■621 


1-76224 


-664 


1-83240 


■707 1 


90350 


■750 1 


97602 


■022 


1-76388 


-665 


1-83404 


-708 1 


90517 


'751 1 


07772 


■623 


l'7fi54H 


<G66 


1-8360S 


-709 1 


90G84 


'753 1 


9794S 


■624 


!'■ -10 


'067 


1-83733 


-710 1 


90862 


■753 1 


08113 


■625 


' -72 


'6G8 


1-83897 


-711 1 


J1019 


■754 1 


98283 


-836 


ai 


■669 


1-84061 


-712 1 


91187 


'766 1 


98460 



PBOPORTIOKS OF SBMI-KLLTPTIC ARCS. 



■•((M 


IM^ 


H.Wk.[ I*J(J 


H.^ I«p> 1 


H-MjM 


LiifUi 


•tAlt. 


If Jut. 












-7H 


l-9M2a 


■799 206027 


■8*2 


2-13(J18 


-885 


2 21388 


■767 


1 ■98794 


-8O0 


20«20^' 


-848 


2-13707 


■886 


2^2157l 


■768 


1-98064 


■801 


2 ■0(1377 


-844 


2-18076 


■887 


2-21764 


■7&B 


199134 


-802 


2-0(1552 


'845 


214155 


■888 


2^21937 


■180 


1-99305 


'803 


2'007a7 


•84(i 


2-14334 


■880 


2-22130 


■781 


1 99470 


■801 


2-00901 


■847 


2-14618 


■890 


2-22803 


•763 


1 ■99847 


■805 


2-07076 


■818 


2-14692 


■891 


2-22486 


■783 


1<9[I818 


-800 


2-07251 


■849 


2-14871 


■802 


2<2267D 


■784 


1^91t8B9 


■807 


2-07427 


■860 


2-15060 


■898 


2-22854 


■766 


200160 


-808 


2-oTeoa 


■851 


2-15229 


-891 


2-23038 


■780 


2-00331 


-8T»9 


2-07777 




2-16409 


-895 


2-23222 


■787 


i ■00502 


■810 


2-07963 


-853 


215589 


■896 


2-23400 


■T88 


"•OOMiS 


■811 


2-08128 


-854 


2 15770 


■897 


2-23590 


■709 


2-00844 


■812 


2-08304 


-866 


2^ 15950 




2-23774 


■770 


201010 


■813 


2-06480 


-856 


216130 


-809 


2^2S968 


■771 


201187 


-814 


2^086M 


■857 


216809 


-900 


224142 


■772 


^■01S69 


■815 


2-08833 


-868 


2-1G489 


901 


2-24326 


•778 


2^0I631 


■810 


2-O9O06 


■859 


2-16668 


-902 


2-24508 


■774 


201702 


■817 


2-09108 


■880 


2-ie848 


■903 


2-24601 


■775 


201874 


■818 


2-09360 


■861 


217028 


■904 


2-24874 


•776 


202WS 


■810 


2 05)536 


-862 


2^17209 


906 


2-25057 


■7T7 


202217 


■820 


2-09712 


-863 


2^17S89 


906 


2-26240 


■778 


202389 


■821 


2-09888 


-864 


217570 


'907 


2^25423 


■779 


2 02601 


'822 


210O66 


-805 


217751 


-908 


2-25006 


■780 


2^0273a 


■823 


a-10212 


-806 


217982 


-909 


2-25789 


■7S1 


202907 


■824 


2-104lfl 


-867 


218113 


■910 


2-25972 


■782 


2-08080 


-825 


^■1O506 




2-18204 


■911 


2-26156 


■788 


208262 


■828 


2-10773 


■869 


2-18475 


■912 


2-20338 


■784 


2 0842S 


'827 


2-109SO 


■870 


2-18656 


■918 


2-265Z1 


•786 


2 ■03598 


■828 


Z-11127 


■871 


2-18837 


■914 


2 26704 


■786 


203771 


■829 


211804 


■872 


2-19018 


■916 


2-268B8 


■787 


2-03944 


■830 


211481 


■873 


2-19200 


-916 


2-27071 


■788 


2-04117 


■631 


2-11659 


-874 


2-19382 


-917 


2-27254 


■769 


2-04290 


-832 


2-11837 


-875 


2-19564 


■018 


2^27437 


■790 


2-04462 


-833 


2-12015 


■876 


2-19746 


■919 


2-27620 


■701 


204636 


■834 


2-12193 


■877 


2-19028 


■920 


3-27803 


■792 


2-04809 


■835 


2-12371 


■878 


2-20110 


■021 


2-27987 


■793 


204083 


'830 


2-12549 


■879 


2-20302 


■922 


2^28170 


■704 


2-05157 


■837 


2-12727 


-880 


2^20474 


■923 


2-28354 


■705 


2-05331 


■838 


2^12905 


■881 


2-20666 


-924 


2-28587 


■796 


2-05605 




2-13083 


-882 


2-20839 


■025 


2-28720 


■797 


205670 


■840 


2-132lil 


■883 


2 21022 


■926 


2-28003 


■798 


2'(f&863 


641 


2-13430 : 


■884 


Z ■21205 


■927 


2-29066 



RULES FOB FINDING THE LENGTHS OF ARCS. 68 



Height 


Length 


Height 


Length 


Height 


Length 


Height 


Length 


of Are. 


of Arc. 


of Arc. 


of Are. 


of Arc. 

-966 


of Arc 


of Are. 
•983 


of Are. 


•928 


2-29270 


-947 


2-32786 


2^36191 


2^89631 


•929 


2-29458 


-948 


2-82972 


-966 


2-3688I 


-984 


2 39823 


•930 


2-29686 


-949 


2^88160 


-967 


2-36571 


-985 


2-40016 


•931 


2-29820 


•950 


2-33848 


-968 


2-36762 


•986 


2^40208 


•932 


2^30004 


•961 


2-83637 


•969 


2-36962 


•987 


2-40400 


•983 


2^80188 


•962 


2-88726 


-970 


2-37148 


•988 


240692 


•984 


2-80373 


•963 


2-88916 


-971 


2-87384 


•989 


2^40784 


•936 


280667 


-964 


2-34104 


-972 


2-87626 


-990 


2-40976 


•936 


280741 


•966 


2-84293 


•973 


2-37716 


•991 


2-41169 


•987 


2^80926 


•956- 


2-34488 


•974 


2-37908 


•992 


2-41862 


•988 


2-81111 


-967 


2-34678 


•976 


2-88100 


•993 


2-41566 


•989 


2-31296 


-968 


2-84862 


-976 


2-88291 


•994 


2-41749 


•940 


2-81479 


•959 


2-86061 


•977 


2-88482 


•996 


2-41948 


•941 


2-81666 


•960 


2^8624l 


•978 


2-88678 


•996 


2-42136 


•942 


2-81862 


-961 


2-86481 


•979 


2-88864 


•997 


2-42829 


•948 


2-82088 


-962 


2-35621 


•980 


2-89065 


•998 


2-42622 


•944 


2-82224 


•968 


2-86810 


•981 


2-89247 


•999 


2-42716 


•945 


2-82411 


-964 


2-86000 


•982 


2-39439 


1^000 


2-42908 


•946 


2-82598 


• 


• 











To find the Length , of an Arc of a Circle^ or the 
Curve of a Right Semi-JSlUpse. 

Rule. — ^Divide the height by the base, and the 
quotient will be the height of an arc of which the 
base is unity. Seek, in the Table of Circular or 
Semi-elliptical arcs, as the case may be, for a num- 
ber corresponding to this quotient, and take the 
length of the arc from the next right-hand column. 
Multiply the number thus taken out by the base of 
the arc, and the product will be the length 'of the 
arc or curve required. 

Example 1.— In Southwark Bridge, London, the 
profiles of the arches are the arcs of circles ; the 
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span of the middle arch is 240 feet, and the height 
24 feet ; required the length of the arc 

24 -f- 240 = -100 ; and -100, as per Table V., is 
1-02645. 

Hence 1-02645 x 240 » 246-34800 feet, the 
length reqtiired. 

Example 2. — The profiles of the arches of Water- 
loo Bridge are all eqnal and similar semi-ellipses ; 
the span of each is 120 feet, and the rise 28 feet ; 
required the length of the cunre. 

28 -5- 120 = -233 ; and -233, as per Table VI., is 
1-19040. ^ 

Hence 1-19010 x 120 = 142-81200 feet, the 
length required. 

In this example there is, in the division of 28 by 
120, a remainder of 40, or oi^e-third part of the 
divisor; consequently the answer, 142-81200, is 
rather- less than the truth. But this difference, in 
even so large an arch, is little more than half an 
inch ; therefore, except where extreme accuracy is 
required, it is not worth computing. 

These Tables are equally useful in estimating 
works which may be carried into practice, and the 
quantity of work to be executed from drawings to 
a scale. 

As the Tables do not afford the means of finding 
the lengths of the curves of elliptic arcs which are 
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less than half of the entire figure, the following 
geometrical method is giyen to supply the defect. 

Let the curve, of which the length is required to 
be found, be A B 0. 










Produce the height line, B (2, to meet the centre 
of the curve, in g. Draw the right line, A g^ and 
from the centre, g^ with the distance, g B, describe 
an arc, B %, meeting A g in A. Bisect A A in e, 
and from the centre, g^ with the radius, g e, describe 
the arc iky meeting d B^ produced to k; then ik is 
half the arc ABC. * 



6* 
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The following Tables of Areas and Solidities 
will be found considerably to diminish the labour 
of calculation. 

The numbers in the fir%t column after the names 
represent the areas or solidities, when the length of 
the side or edge is 1, or unity; and the numbers in 
the other columns are multiples of those in the first, 
by the unit over each. 

To find, therefore, the area of a Polygon, take 
the square of the length of the side, and seek in 
the proper columns the multipliers, which are to be 
ranged under each other as in common multiplica- 
tion. The sum of these will be the area required. 

Example. — To find the area of a Pentagon, whose 
side is 18 inches, tib multiplier being the square of 
18 = 324. 

The number in the Table under 4 is 6*8 819 
« « a a « 2 " 3-44 9 

« <f a a a 3 a 5.1 6 14 

Answer^ the last four figures being 

decimals - - - - (tfie Area,) 6 5 7*4 3 9. 

The same Rule is applicable to Table X., of the 
Solidities of Regular Bodies, using the cube instead 
of the square. 
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Table of Squares^ Cubes, Square Roots, and Cube Roots, 



—\ 

Number. 


Square. 


Cube. 


Squ&reBoot. 


Cube Boot 


Number. 


1 


. 1 


1 


10 


1-0 


1 


2 


4 


8 


1-4142136 


1-2599210 


2 


8 


9 


• 64 


1-7320508 


1-4422496 


8 


4 


16 


2-0 


1-5874011 


4 


6 


25 


125 


2-2360680 


1-7099759 


5 


6 


86 


216 


2-4494897 


1-8171206 


6 


7 


49 


848 


2-6457518 


1-9129812 


7 


8 


^64 


512 


2-8284271 


2-0 


8 


9 


81 


729 


8-0 


2-0800887 


9 


10 


100 


1000 


8-1622777 


21544847 


10 


11 


121 


1831 


3-3166248 


2-2289801 


11 


12 


144 


• 1728 


8-4641016 


2-2894286 


12 


18 


169 


2197 


3-6055518 


2*8518847 


18 


14 


196 


2744 


3-7416574 


2-4101422 


14 


15 


225 


8875 


8-8729883 


2-4662121 


•16 


16 


i256 


4096 


40 


2-5198421 


16 


17 


289 


4913 


4-1281056 


2-5712816 


17 


18 


824 


5882 


4-2426407 


2-6207414 


18 


19 


861 


6859 


4-3588989 


2-6684016 


19 


20 


400 


8000 


4-4721860 


2-7144177 


20 


21 


441 


9261 


4-5825757 


2-7589248 


21 


22 


484 


10648 


4-6904158 


2-8020898 


22 


23 


529 


12167 


4-795a|15 ' 
4-8989795 


2-8488670 


28 


24 


576 


13824 


2*8844991 


24 


25 


625 


15625 


5-0 


2-9240177 


25 


26 


676 


17576 


6-0990195 


2-9624960 


26 


27 


729 


19G88 


5-1961524 


8-0 


27 


28 


784 


21952 


5-2915026 


8-0365889 


28 


29 


841 


24389 


5*3851648 


8 0723168 


29 


80 


900 


27000 


6-4772256 


8*1072325 


80 


81 


961 


29791 


5-5677644 


8-1418806 


81 


82 


1024 


82768 


5-6568542 


8-1748021 


82 


38 


1089 ' 


85937 


5-7445626 


8-2075848 


88 


84 


1156 


89804 


^-8809519 


8-2396118 


84 


d5 


1225 


42875 


5-9160798 


8-2710668 


85 


86 


12^6 


46656 


6-0 


8-3019272 


86 


87 


1869 


50658 


6-0827625 


8-8322218 


87 


88 


1444 


54872 


6-1644140 


8-8619754 


88 


89 


1521 


59319 


6-2449980 


8-8912114 


89 


40 


1600 


64000 


6-8245558 


8*4199519 


40 



69 



.i 



70 



SQUARES, CUBES, 



VvmJbn. 


8qwtf«. 




StpuureRoot 


Cab«Boot. 


Namb«r. 


41 


1681 


68921 


6*4081242 


8-4482172 


41 


42 


1764 


74088 


6-4807407 


8-4760266 


42 


48 


1849 


79507 


6-5o74885 


8-5033981 


43 


44 


1986 


85184 


6-6382496 


8-5303483 


44 


45 


2026 


01125 


6-70820398 


8-5568933 


45 


46 


2116 


97886 


6-7828800 


8-5830479 


46 


47 


2200 


108828 


6-8556546 


3-6088261 


47 


48 


2804 


110592 


6-9282032 


8-6342411 


48 


49 


2401 


117649 


7-0 


8-6598057 


49 


60 


2600 


125000 


7-0710678 


8-6840814 


50 


61 


2601 


182651 


7-1414284 


3-7084298 


51 


62 


2704 


140008 


7-2111026 


8-7825111 


52 


68 


2809 


148877 


7-2801099 


8-7562858 


53 


64 


2916 


157464 


7-8184692 


8-7797631 


54 


66 


8025 


166875 


7-4161985 


8*8029525 


55 


66 


8186 


175616 


7-4888148 


8-8268624 


56 


67 


8249 


185198 


7-5498844 


8-8485011 


57 


68 


8864 


195112 


7-6157781 


8-8708766 


58 


69 


8481 


205879 


7-6811457 


8-8929965 


59 


60 


8600 


' 216000 


7-7459667 


8-9148676 


60 


61 


8721 


226981 


7-8102497 


8-9364972 


61 


62 


8844 


288828 


7-8740079 


8-9578915 


62 


68 


8969 


250047 


7-9872589 


8-9790671 


63 


64 


4096 


2621i4 


8-0 


4-0 


64 


66 


4225 


274625 


8-0622577 


4-0^7256 


65 


66 


4856 


287496 


8-1240884 


4-0412401 


66 


67 


4489 


800768 


8-1858528 


4-0615480 


67 


68 


4624 


814482 


8-2462118 


4-0816551 


68 


69 


476l 


628509 


8-8066289 


4-1015661 


69 


70 


4900 


848000 


8-8666008 


4-1212853 


70 


71 


5041 


857911 


8-4261498 


41408178 


71 


72 


5184 


678248 


8*4852814 


4-1601676 


72 


78 


5829 


889017 


8-5440087 


'41798392 


73 


74 


6476 


405224 


8-6028258 


4-1988364 


74 


76 


5625 


421875 


8-6602540 


4-2171688 


75 


76 


5776 


488976 


8-7177979 


4*2358286 


76 


77 


5929 


456583 


8-7749644 


4-2543210 


77 


78 


6084 


474552 


8-8317609 


4-2726586 


78 


79 


6241 


498089 , 


8-8881944 


4-2908404 


79 


80 


6400 


512000 


8-9442719 


4-3088695 


80 



BQUARE BOOTS, AND CUBE ROOTS. . 



h™^ 


S,«r.. 


Co*.. 


«,.^B^,, 


ColMBwt. 


»™h„. 


81 


6561 


' 631441 


8-0 


4-3267487 


81 


82 


6724 


651863 


g'OQSSB-n 


1-3444815 


83 


83 


6889 


671787 


9a 101336 


4-8620707 


83 


84 


70o6 


592701 


9-1651614 


4-8796191 


84 


85 


7225 


6U125 


9 '2 195415 


4-3968298 


85 


86 


7896 


636056 


9-2738185 


4-4140049 


86 


87 


7669 


658S03 


9-3278701 


4-4310476 


87 


88 


7744 


681472 


9-3808315 


4-4179B02 






7921 


701969 


9-4;:3yBll 


4-4647451 


80 


90 


8100 


729000 


9-4868330 


1-1814047 


90 


91 


8281 


753571 


Q -5393920 


4-4979114 


01 


B2 


8464 


778088 


9-60I6SJO 


4-6143574 


92 




8S40 


801357 


9'61365b8 


4-5306549 


93 


91 


esse 


880S84 


9-6U635P7 


4-6468359 


91 


95 


9025 


857375 


9-7467943 


4-5629028 


95 


9« 


9216 


884736 


9-7979590 


4-6788570 


06 


97 


940B 


912673 


9-8438578 


1-5947009 


97 


98 


9604 


911192 


g'8994949 


4-6104368 


98 


99 


9801 


970299 ■ 


9^493741 


4-6260650 


09 


100 


10000 


1000000 


lO'O 


4-6415888 


100 


101 


10201 


1030301 


10'0498756 


4-8570096 


101 


102 


10104 


1061208 


10-0095049 


4-6723287 


102 


103 


10609 


1092727 


10-1488916 


4-6875482 


108 


104 


10816 


1124864 


101980390 


4-7026694 


104 


103 


11025 


1167625 


10-2169508 


4-7176940 


106 


106 


11236 


1191016 


10-2966301 


4-7820235 


100 


107 


line 


1225043 


10-3440304 


4-7474694 


107 


108 


11664 


1259712 


10-3023048 




108 


109 


11881 


1295020 


10-4408065 


4-7768662 


109 


110 


12100 


1331000 


10-1880885 


4-7914199 


110 


111 


12S21 


1867631 


10-5856538 


4-8058955 


111 


112 


13541 


1404928 


10-5830052 


4-8202345 




113 


12769 


1142897 


10-6801458 


4-8845881 




lU 


12996 


H81541 


10-6770783 


4-8488076 




115 


13225 


1S30875 


10-7238053 


4-8639142 




116 


13456 


1560890 


10-7703200 


4-8769990 




117 


13689 


1601613 


10-8168533 


4-8909732 




118 


13921 


164S032 


10-8627805 


4-9048681 


lis 


119 


14161 


168S159 


10-9067121 


4-9186347 


119 


lao 


U400 


1728000 


10-9511512 


49324212 


120 



SQUARES, CUBES, 



Wu^>», 


s,^ 


c.t. 


.,^„K0. 


CuIbBmL 


s™b... 


121 


14641 


1771501 


11-0 


i-9160874 


121 


1^2 


14884 


1816318 


11-0463610 


4-9596767 


l:!2 


123 


16129 


1800867 


11 ■0905365 


4-9731808 


123 


124 


1637G 


1006624 


11-1355287 


4-0866310 


124 


125 


1662S 


1963126 


11-1803399 


50 


125 


126 


16876 


2000376 


11-2249722 


6-0132079 


126 


127 


16120 


2018883 


11 ■209(277 


50205267 


127 


128 


16381 


2097162 


11 -3 137085 


5-0306812 


128 


129 


ltl641 


2116689 


11 ■3573107 


5-0527743 


129 


130 


1G900 


2197000 


111017643 


6-0657970 


130 


131 


17161 


221S001 


11-4155231 


C -0787531 


131 


132 


17421 


2209968 


11-4891253 


50916434 


133 


188 


17689 


2352637 


11-6325626 


5 1014687 


133 


184 


17968 


2406101 


11-6758360 


5-1172299 


131 


186 


18226 


2460376 


11-6189500 


6-1299278 


135 


186 


16496 


2516458 


11-6619038 


5 1125632 


136 


isr 


18769 


2571353 


11-7016999 


6-1651367 


137 


188 


19044 


2628072 


11-7473401 


5-1676493 


138 


189 


19321 


2986619 


11-7898261 


5-1801015 


139 


110 


19600 


2741000 


11-8321596 


61924911 


HO 


Ul 


10881 


2803221 


11-8748422 


6-2048279 


111 


142 


20164 


2863388 


11-9168763 


5^217I031 


142 


143 


2011!) 


2921207 


11-9582607 


6-2293216 


143 


14i 


20786 


2985981 


12-0 


6-2414828 


141 


116 


21026 


301S625 


12 0415946 


6-2536ST9 


115 


146 


21316 


8112136 


12-0330460 


6-2'65a371 


146 


147 


21409 


8179523 


12-1243557 


6-2776321 


147 


118 


21901 


3211792 


12-1655251 


6-2B96725 


148 


149 


22201 


8307919 


12-2065566 


6-3014592 


119 


160 


2a&00 


3375000 


12-2474487 


6-3132928 


160 


161 


22801 


3112951 


12-2882057 


6-3250740 


161 


162 


23104 


3511808 


12-32S8280 


5-3368033 


152 


163 


23109 


3581677 


12-3693169 


6-8481812 


163 


164 


23716 


3632261 


12-1096736 


6-3601084 


164 


165 


21035 


3723876 


12-4498396 


5-3716864 


165 


160 


21833 


3796116 


12-1899900 


5-3S32126 


156 


167 


21610 


8869893 


12-5299641 


*5-8940907 


157 


168 


24061 


3944813 


12-6698051 


6-406],2O2 


158 


169 


26231 


4019073 


12-6095202 


5-4175015 


159 


160 


26600 


4096000 


12-61SU06 


61288852 


leo 



SQUARE BOOTS, AKD CUBE BOOTS. 



78 



IhngBlMtr. 


Square. 


Cube. 


Square Root 


Cube Boot 


Number. 


161 


26921 


4173281 


12-6885776 


5-4401218 


161 


162 


26244 


4251628 


12-7279221 


5-4513618 


162 


168 


26669 


4330747 


12-7671453 


5-4625556 


163 


164- 


2689G 


4410944 


12-8062486 


6-4737037 


164 


166 


27226 


4492126 


12-8462326 


6-4848066 


166 


166 


27666 


' 4674?96 


12-8840987 


6-4968647 


166 


167 


27889 


4657468 


12-9228480 


6-5068784 


167 


168 


28224 


4741632 


12-9614814 


5-6178484 


168 


169 


28661 


4826809 


180 


6-5287748 


169 


170 


28900 


4918000 


18-0384048 


5-5396583 


170 


171 


29241 


6000211 


13-0766968 


6-6504991 


171 


172 


29684 


6088448 


131148770 


6-6612978 


172 


178 


29929 


6177717 


131629464 


6-6720646 


178 


174 


80276 


6268024 


13-1909060 


6-6827702 


174 


176 


J30626 


^ 6369876 


13-2287666 


6-6934447 


176 


176 


80976 


6461776 


13-2664992 


6-6040787 


176 


177 


81829 


6646238 


13-3041847 


6-6146724 


177 


178 


81684 


6639762 


13-8416641 


6-6262268 


178 


179 


82041 


6736339 


18-8790882 


6-6367408 


179 


180 


82400 


6832000 


18-4164079 


6-6462162 


180 


181 


82761 


6929741 


18-4536240 


6-6666628 


181 


182 


83124 


6028668 


13-4907876 


6-6670511 


182 


188 


83489 


6128487 


13-6277498 


6-6774114 


188 


184 


83866 


6229604 


18-6646600 


5-6877840 


184 


186 


«4226 


6331626 


18-6014706 


6-6980192 


186 


186 


84696 


6434866 


18-6381817 


6-7082676 


186 


187 


84969 


6639203 


18-6747943 


6-7184791 


187 


188 


86344 


6644672 


18-7118092 


6-7286648 


188 


,189 


86721 


6761269 


18-7477271 


6-7387936 


189 


190 


86100 


6869000 


18-7840488 


6-7488971 


190 


191 


86481 


6967871 


18-8202760 


6-7689662 


191 


192 


86864 


7077888 


18-8664066 


6-7689982 


19? 


193 


87249 


7189097 


13-8924440 


6-7789966 


193 


194 


87686 


7801384 


18-9283883 


6-7889604 


194 


196 


88026 


7414876 


18-9642400 


6-7988900 


196 


196 


88416 


7629686 


14-0 


6-8087867 


196 


197 


88809 


7646878 


14-0366688 


6-8186479 


197 


198 


89204 


7762392 


14-0712473 


6-8284767 


198 


199 


89601 


7880699 


141067360 


.6-8882726 


190 


200 


40000 


6000000 


141421866 

r 


5-8480865 


200 
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8QUABE8, CUBES, 



NtUBbvr. 


Sqoare. 


Cob*. 


flqout Boot 


CaboBoot. 


Numbtr. 


201 


40401 


8120601 


14-1774469 


5-8677660 


201 


202 


40804 


8242408 


14-212670* 


5-8674648 


202 


208 


41209 


8865427 


14-2478068 


6-8771307 


203 


204 


41616 


8489664 


14-2828569 


5 -8867663 


204 


205 


42025 


8615126 


14-3178211 


5-8963685 


206 


206 


42436 


8741816 


14-8527001 


5-9059406 


206 


207 


42849 


8869743 


14-3874946 


5-9154817 


207 


208 


43264 


8998912 


14-4222061 


6-9249921 


208 


209 


43681 


9129329 


14-4568328 


5-9344721 


209 


210 


44100 


9261000 


14-4913767 


5-9439220 


210 


211 


44621 


9393931 


14-6258390 


5-9538418 


211 


212 


44944 


9528128 


14-5602198 


5-9627820 


212 


213 


45369 


9663597 


14-6946195 


5-9720926 


213 


214 


46796 


9800344 


14-6287388 


5-9814240 


214 


215 


46226 


9938376 


14-6628783 


5-9907264 

• 


215 


216 


46656 


10077696 


14-6969385 


6-0 


216 


217 


47089 


10218318 


14-7809199 


6-0092450 


217 


218 


47524 


10360232 


14-7648231 


6-0184617 


218 


219 


47961 


10508459 


14*7986486 * 


6-0276502 


219 


220 


48400 


10648000 


14-8323970 


6-0368107 


220 


221 


48841 


10798861 


14-8660687 


6-0469435 


221 


222 


49284 


10941048 


14-8996644 


6-0560489 


222 


223 


49729 


11089567 


14-9831845 


6-0641270 


223 


224 


50176 


11289424 


14-9666295 


6-0731779 


224 


226 


60626 


11390625 


15-0 


60822020 


225 


226 


51Q76 


11643176 


15-0332964 


6-0911994 


226 


227 


61629 


11697083 


15-0666192 


6-1001702 


227 


228 


51984 


11852352 


15-0996689 


6-1091147 


228 


229 


52441 


12008989 


15-1327460 


6-1180332 


229 


280 


52900 


12167000 


15-1667509 


6-1269257 


280 


281 


63361 


12326391 


15-1986842 


6-1357924 


281 


282 


53824 


12487168 


16-2316462 


6*1446887 


232 


233 


64289 


12649337 


15-2648376 


6-1534495 


233 


284 


54756 


12812904 


16-2970585 


61622401 


234 


286 


65225 


12977875 


15-3297097 


6-1710058 


236 


286 


55696 


13144266 


15'3622915 


6-1797466 


236 


287 


66169 


13312063 


15-3948043 


6 1884628 


2a7 


238 


66644 


13481272 


15-4272486 


6-1971544 


238 


239 


57121 


13661919 


15-4596248 


0-2058218 


239 


240 


67600 


18824000 


15-49193^4 


6-2144650 


240 



BQUAHE ROOTS, AND OUBB KOOTS. 



„,^ 


Squm. 


cut. 


8,.™™E.«. 


C*.ft«t 


xn*.. 


241 


58081 


13997521 


15-5241747 


G-2230843 


241 


242 


58-364 


14172488 


15-5563492 


6-231 67B7 


242 


243 


60049 


14348907 


16'6S64578 


6'a402515 


243 


244 


695B6 


145-26784 


156204994 


6-2487998 


244 


246 


60025 


14706125 


15'0524758 


fl-2573J48 


245 


246 


60510 


14888936 


15-6843871 


6-2658266 


246 


247 


61009 


150G92-28 


16-7162386 


6 ■2743054 


247 


24S 


61504 


15252992 


15-7480157 


6-2827613 


243 


24S 


62001 


15438249 


15-77973S8 


6-291 1946 


249 


260 


82500 


15625000 


15'81 18888 


6'29'.<00.j3 


250 


251 


03001 


15813261 


15-8429790 


6-3079935 


251 


25-2 


63604 


16008008 


15-8745073 


6 31035% 


252 


258 


64009 


16194277 


] 5-9059737 


6-32 170:15 


253 


254 


64516 


16387064 


16-9873775 


0-3330256 


254 


255 


65025 


16581875 


15'9a87194 


6-3413267 


255 


250 


65586 


16777210 


lfl-0 


6'3496D42 


266 


257 


66049 


16974593 


16<Q812]95 


0-3578611 


267 


258 


66564 


17173SI2 


16-0623784 


6-3660968 


258 


259 


67081 


17373U79 


16-0934769 


6-874S111 


259 


200 


67600 


17576000 


16-1245155 


6 ■3825048 


260 


261 


68121 


17779581 


16-1554941 


6-31)06765 


261 


262 


68644 


17984728 


16'186414l 


a-3988279 


202 


263 


69169 


18191447 


16-2172747 


8-41)69585 


268 


264 


69696 


18399744 


16-2480768 


6<4150067 


364 


265 


70226 


18609626 


16 -2783206 


0-4231583 


265 


268 


70756 


18821098 


10-3095064 


6-4812278 


266 


267 


71289 


19034168 


10-3401346 


0-4892767 


267 


268 


71824 


19248882 


16-3707055 


0-4478067 


208 


269 


72361 


19465109 


16-4012196 


6-4558148 


269 


270 


72900 


19883000 


16-4316707 


6-4633041 


270 


271 


78441 


19»025U 


16-4620776 


6-4712736 


271 


272 


78984 


20123648 


16-4924225 


6-47922S6 


272 


278 


74629 


20346417 


16-5227116 


6-4871541 


273 


274 


T5076 


20570824 


16-5629464 


6-4950658 


274 


276 


75625 


20796876 


1&-5881240 


6-5029572 


276 


276 


70176 


21024576 


16-6182477 


6-5108300 


276 


277 


76729 


21258933' 


16-6438170 


6-&18S839 


277 


278 


77284 


21484952 


16-6733820 


0-52(15189 


278 


279 


77841 


21717639 


16-7082931 


0-5843351 


270 


280 


784W 


21962000 


16-7S82006 


6-5421326 


280 



BQUABEB, CDBSS, 



66721 
9T341 
97933 
08506 



101124 
101701 
102400 



2218SD41 

22425769 
22fl65187. 
2*2006301 
2S149126 
23303066 
23639903 
23887872 
241876GQ 
24389000 
24042171 



25153757 
25412184 
25672375 
2593133S 
2619B07S 
20463592 



27270901 
27643608 
27818127 



20218112 
29503629 
29791000 



B2157482 
82461759 
32768009 



ie-7G30ai8 

IP ■7028566 

I6'822a038 

16'852290j 

1C'8819130 

ie'0116345 

169410743 

16'970a827 

17-0 

17 '0298864 

] 7-0587231 

17'0880076 

17'11 72128 

171464282 

17'1756640 

17-2046505 

17-2330879 

17-2026766 

17-2016165 

17-3205081 

17-3493518 

17-3781472 

17-4068952 

17-4365958 

17-4042492 



17-8044938 
1 7-8325545 
17-8605711 



6-51Q0116 
e -5570722 
0-6651144 
6-6781835 
0-5808448 
0-6885323 
0-3962023 
G-6038.54>> 



a-0267054 
3-6842874 

3-6418522 



0-0644487 
6-6710403 

6-0794200 



6-0943295 
0-7017693 
G-7091729 
6-71G5700 



G-7450967 
0-7533184 

0-7606143 
0-7678995 
6-7751G90 
0-7824229 
0-7896613 
6-70G8841 
6-8010321 
6-8112847 



SQUABE BOOTS, AND CTTBB BOOTS. 



77 



NoMilMr. 


Sqvare. 


Cabe. 


SqiuuraRooi. 


Cube Root. 


NvBilwr. 


821 


103041 


88076161 


17-9164729 


6-8470213 


821 


822 


103684 
104329 


8838^248 


17-9443684 


6-8541240 


822 


823 


33698267 


17-9722008 


6-8612120 


823 


824 


104976 


34012224 


18-0 


6-8682865 


824 


825 


105625 


34328126 


18-0277564 


6-8758443 


825 


826 


106276 


34645976 


18-0654701 


6-8823888 


826 


327 


106929 


34965788 


180831413 


6 8894188 


327 


828 


107584 


35287552 


181107703 


6-8964845 


828 


829 


108241 


35611289 


181383571 


6-9084869 


329 


830 


108900 


85937000 


18-1659021 


6-9104232 


380 


831 


109561 


36264691 


18-1934054 


6-9173964 


331 


332 


110224 


36504368 


18-2208672 


6 •9243556 


882 


338 


110889 


86926037 


18-2482876 


6-9313008 


838 


834 


111556 


87259704 


18-2756669 


6-9382321 


384 


835 


112226 


37595375 


18-8030052 


6-9451496 


836 


836 


112896 


87933056 


18-3803028 


6-9620633 


836 


3a7 


113569 


38272753 


18-8575598 


6-9589484 


337 


338 


114244 


38614472 


18-3847763 


6-9^58198 


838 


339 


114921 
115600 


38958219 


18-4119626 


6-9726826 


839 


340. 


89304000 


18-4890689 


6-9795321 


340 


341 


116281 


89651821 


18-4661853 


6-9863681 


841 


842 


116964 


40001688 


18-4932420 


6-9931906 


342 


343 


117649 


40353607 


18-5202692 


7-0 


843 


344 


118336 


40707584 


18-5472370 


7-0067962 


344 


845 


119026 


41063625 


18-5741756 


7-0135791 


345 


846 


119716 


41421736 


18-6010752 


7 0203490 


346 


347 


120409 


41781923 


18-6279360 


7-0271058 


347 


348 


121104 


42144192 


18-6547681 


7 0338197 


848 


849 


121801 


42508549 


18-6815417 


7 0405806 


849 


350 


122500 


42875000 


18-7082869 


7 0472987 


850 


351 


123201 


48243551 


18-7349040 


7-0540041 


361 


352 


123904 


48614208 


18-7616630 


7 -0600967 


852 


353 


124609 


43986977 . 


18-7882942 


7-0678767 


353 


854 


125316 


44361864 


18-8148877 


7-0740440 


364 


355 


126025 


44788875 


18-8414487 


7-0806988 


355 


856 


126736 


45118016 


18-86790*28 


7-0873411 


356 


857 


127449 


45499293 


18-8914436 


7-0930709 


357 


358 


128164 


45882712 


18-9208879 


7-1005885 


358 


859 


128881 


4626827d 


18-9472953 


7 1071937 


859 


860 


129600 


46656000 


18-9786660 

7* 


7-1137866 


860 



130321 
131044 
131769 
132496 
133225 
133956 
134Q89 
185421 
136161 
136000 
13T611 



141 3Te 
142129 
14Z8S4 
143641 
144400 
14S1G1 
145924 
U6G89 
14745Q 
148225 
14899B 
149769 
150644 
151321 
152100 



156025 
156616 



SQUARES, CTJBEB, 



47045881 
47437928 
47832147 
43228544 
48627125 



51064811 
61478848 
618961 IT 



62731S75 

53157376 



51010152 
61439939 
51872000 



57512456 
67960603 
58411072 



60698457 
61162981 
61629875 



158101 

159201 , 

160000 I 64000000 



191311285 

19-1572441 
19-1833261 
19-2093727 
19-2363841 
19-2613603 
19-2878015 
19-8132079 
19-3390790 
19-3649167 
19'3907191 
10'1164878 
19-4422221 
19-4679223 



19-6723156 
10-6977156 
19-7230829 
19-7184177 



19-8997487 
19-9248588 
19<t)499373 
19-9749841 



SQUABI! BOOTS, AND CDBE BOOTS. 
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NniBber. 


Stpuure. 


Cabe. 


Square Root 


Cube Boot 


Nombtr. 


401 


xaosoi 


64481201 


200249844 


7-8721979 


401 


402 


161604 


64964808 


200499377 


7-3803227 


^2 


40d 


162409 


65450827 


200748599 


7-3864373 


403 


404 


163216 


65939264 


20-0997512 


7-8925419 


404 


405 


164025 


66430125 


20-1246118 


7-3986363 


405 


406 


164836 


. 66923416 


20-1494417 


7-4047206 


406 


407 


165649 


67419143 


20-1742410 


7-4107950 


407 


408 


166464 


67917312 


20-1990099 


7-4168595 


408 


409- 


167281 


68417929 


20-2237484 


7-4229142 


409 


410 


168100 


68921000 


20-2484567 


7-4289589 


410 


411 


168921 


69426531 


20-2781849 


7-4349938 


411 


412 


169744 


69984528 


20-2977831 


7-4410189 


412 


418 


170569 


70444997 


20-3224014 


7-4470842 


418 


414 


171896 


70957944 


20-3469899 


7-4530399 


414 


415 


172225 


71473375 


20-3715488 


-7-4590359 


415 


416 


173056* 


71991296 


20-3960781 


7-4650223 


416 


417 


173889 


72511713 


20-4205779 


7-4709991 


417 


418 


174724 


73034632 


20-4450483 


7-4769664 


418 


419* 


176561 


73560059 


20-4694895 


7-4829242 


419 


420 


176400 


74088000 


20-4989015 


7-4888724 


420 


421 


177241 


74618461 


20-5182845 


7-4948113 


421 


422 


178084 


76161448 


20-5426486 


7-5007406 


422 


428 


178929 


75686967 


20-5669638 


7-5066607 


423 


424 


179776 


76225024 


20-5912603 


7-5125715 


424 


425 


180625 


76765625 


20-6155281 


7-5184730 


426 


426 


181476 


77308776 


20-6397674 


7-5243652 


426 


427 


182829 


77854483 


20-6689783 


7-5802482 


427 


428 


183184 


78402752 


20-6881609 


7-5361221 


428 


429 


184041 


78953589 


20-7128152 


7-5419867 


429 


430 


184900 


79507000 


20-7864414 


7-5478428 


480 


431 


185761 


80062991 


20-7605395 


7-5536888 


431 


482 


186624 


80621568 


20-7846097 


7-5596263 


432 


433 


187489 


81182737 ^ 


20-8086520 


7 •5653548 


433 


434 


188356 


81746504 


20-8326667 


7-571174* 


434 


435 


189225 


82312875 


20-8566336 


7-5769849 


435 


436 


190096 


82881856 


20-8806130 


7-5827865 


436 


437 


190969 


83453453 


20-9045450 


7-5885793 


437 


438 


191844 


84027672 


20-9284495 


. 7-5943633 


438* 


489 


192721 


84604519 


20-9528268 


7-6001385 


489 


440 


198600 


85184000 


20-9761770 


7-6059049 


440 



80 



SQTIAKBS, CUBIS, 



Huibw. 


Squrt. 


Cob*. 


flqoMt Boot. 


CabeBoot. 


Nnmbor. 


441 


194481 


85766121 


210 


7-*6116^6 


441 


442 


195864 


86850888 


21*0237960 


7-6174116 


442 


448 


196249 


86988307 


210475652 


7-6281519 


443 


444 


197136 


87528884 


210718075 


7-6288887 


444 


445 


198025 


88121125 


210950281 


7-6846067 


445 


446 


198916 


88716586 


211187121 


7-6403218 


446 


447 


199809 


89814623 


21 1428745 


7-6460272 


447 


448 


200704 


89915892 


2M660105 


7-6517247 


448 


449 


201601 


90518849 


211896201 


7-6574188 


- 449 


450 


202500 


91125000 


21*2182084 


7-6630948 


450 


451 


208401 


91788851 


21-2367606 


7-6687665 


451 


452 


204804 


92845408 


21-2602916 


7-6744808 


452 


458 


205209 


92959677 


21-2837967 


7-6800857 


453 


454 


206116 


98576664 


21-3072758 


7-6857828 


454 


455 


207025 


94196875 


21-8807290 


7-6918717 


455 


456 


207986 


94818816 


21-8541565 


7-6970028 


456 


457 


208849 


^5448998 


21-8775588 


7-7026246 


457 


458 


209764 


96071912 


21-4009846 


7-7082888 


458 


459 


210681 


96702579 


21-4242858 


7*7188448 


459 


460 


211600 


97886000 


21-4476106 


7-7194426 


460 


461 


212521 


97972181 


21-4709106 


7-7250825 


461 


462 


218444 


98611128 


21-4941853 


7-7806141 


462 


468 


214869 


99252847 


21-5174848 


7-7861877 


468 


464 


215296 


99897844 


21-5406592 


7-7417.532 


464 


465 


216225 


100544625 


21-5638587 


7-7478109 


465 


466 


217156 


101194696 


21-5870881 


7-7528606 


466 


467 


218089 


101847568 


21-6191828 


7-7584028 


467 


468 


219024 


102508282 


21-6888077 


7-7689861 


468 


469 


219961 


108161709 


21-6564078 


7-7694620 


469 


470 


220900 


103828000 


21-6794884 


7-7749801 


470 


471 


221841 


104487111 


21-7025844 


7-78Q4904 


471 


472 


222784 


105154048 


21-7255610 


7-7859928 


472 


478 


228729 


105828817 


21-7485682 


7-7914875 


473 


474 


^ 224676 


106496424 


21-7715411 


7-7969745 


474 


475 


225625 


107171875 


21-7944947 


7-8024588 


475 


47-6 


226576 


107850176 


21-8174242 


7-8079244 


476 


477 


227529 


108581383 


21-8403297 


7-8183892 


477 


478 


228484 


109215352 


21-8632111 


7-8188456 


478 


479 


229441 


109902239 


21-8860686 


7-8242942 


479 


480 


280400 


110592000 


21-9089028 


7-8297858 


480 



SQUABE EOOTS, AKS CXTBE BOOTS. 



81 



HmmlMr. 


8qamr«. 


Cube. 


Square Boot. 


Cube Boot. 


Nnmbw. 


481 


231861 


111284641 


21-9317122 


7-8351688 


481 


482 


232324 


111980168 


21 •9544981 


7-8405949 


482 


483 


233289 


112678687 


21-9772610 


7-8460134 


483 


484 


234266 


113379904 


22-0 


7-8514244 


484 


486 


236226 


114084125 


22-0227166 


7-8568281 


485 


486 


286186 


114791256 


22-0464077 


7-8622242 


486 


487 


287169 


11]5501303 


22-0680705 


7-8676180 


487 


488 


238144 


116214272 


22-0907220 


7-8729944 


488 


489 


239131 


116930169 


22-1133444 


7-8783684 


489 


490 


240120 


117649000 


22-1359436 


7-8837352 


490 


491 


241081 


118370771 


22-1585198 


7-8890946 


491 


492 


242064 


119095488 


22-1810730 


7-8944468 


492 


493 


248049 


119823157 


22-2036033 


7-8997917 


493 


494 


244036 


120653784 


22-2261108 


7-9061294 


494 


495 


246025 


121287376 


22-2485965 


7-9104599 


495 


496 


246016 


122023936 


22-27U)575 


7-9157832 


496 


497 


247009 


122763473 


22-2934968 


7-9210994 


497 


498 


248004 


123505992 


22-3159136 


7-9264085 


498 


499 


249001 


124251409 


22-3383079 


7-9317104 


499 


600 


260000 


125000000 


22-3606798 


7-9370053 


500 


601* 


25X601 


125751501 


22-3830293 


7-9422932 


601 


602 


252004 


126406008 


22-4053565 


7-9475739 


602 


603 


253009 


127263527 


22-4276616 


7-9528477 


503 


604 


254016 


128024064 


2?-4499443 


7-9581144 


604 


606 


266025 


128797625 


22-4722051 


7-9683743 


505 


606 


256036 


129554216 


22-4944438 


7-9686271 


606 


607 


257049 


130323843 


22-5166605 


7-9738731 


607 


608 


258064 


131096512 


22-5388553 


7-9791122 


508 


609 


269081 


131872229 


22-5610283 


7-9843444 


609 


610 


260100 


132651000 


22-5831796 


7-9895697 


610 


611 


261121 


133432831 


22-6053091 


7-9947883 


511 


612 


262144 


134217728 


22-6274170 


8-0 


612 


613 


263169 


135005697 


22-6495033 


8-0052049 


513 


614 


264196 


135796744 


22-6715681 


8-0104032 


614 


616 


266225 


136590876 


22-6936114 


8-0155946 


616 


616 


266256 


137388096 


22 '7156334 


8-0207794 


516 


617 


267289 


138188413 


22-7376340 


8-0269574 


517 


618 


268324 


138991832 


22-7596134 


8-0311287 . 


518 


619 


269861 


139798359 


22-7816716 


8-0362985 


619 


620 


270400 


140608000 


22-8036085 


8-0414616 


620 



.«-%! 



82 



8QUAKES, CUBES, 



■aabtt. 


•qwtf*. 


Cobt. 


Sqii*r«Boot 


Oab«Boot 


Nnmbn. 


621 


271441 


141420761 


22-8254244 


8-0466080 


621 


622 


272484 


142286648 


22-8478193 


8-0517479 


522 


628 


278629 


148055667 


22-8691988 


8-0568862 


528 


624 


274576 


143877824 


22-8910463 


8-0620180 


624 


625 


276625 


144708125 


22-9128785 


80671482 


625 


626 


276676 


145581576 


22-9846899 


8-0722620 


626 


627 


277729 


146868188 


22-9564806 


8-0778743 


627 


628 


278784 


147197952 


22-9782506 


8-0824800 


528 


629 


279841 


148085889 


23-0 


8K)875794 


629 


680 


280900 


148877000 


23-0217289 


8-0926723 


680 


681 


281961 


149721291 


23-0484872 


8-0977689 


581 


682 


288024 


160568768 


23-0651252 


8-1028890 


532 


683 


284089 


151419437 


23-0867928 


8-1079128 


583 


634 


285156 


152278304 


23 1084400 


8-1129803 


634 


685 


286225 


153180375 


23-1800670 


8-1180414 


635 


686 


287296 


153900656 


23-1516788 


8-1280962 


686 


637 


288869 


154854153 


28-1732605 


81281447 


637 


688 


289444 


155720872 


23-1948270 


8-1881870 


638 


689 


290521 


156590819 


23-2161735 


8-1882280 


.589 


640 


291600 


157464000 


23-2879001 


81482529 


540 


641 


292681 


158840421 


23-2594067 


8-1482765 


641 


642 


298764 


159220088 


23-2808935 


8-1582989 


642 


643 


294849 


160103007 


28-8028604 


8-1588051 


543 


644 


295936 


160989184 


23-3238076 


81688102 


544 


645 


297025 


161878625 


23-8452851 


8-1688092 


645 


646 


298116 


162771836 


23-8666429 


8-1788020 


646 


647 


299209 


168667323 


23-8880811 


8-1782888 


647 


648 


800804 


164566592 


23-4098998 


8-1882695 


548 


649 


801401 


165469149 


23-4807490 


81882441 


649 


650 


802500 


166375000 


23-4520788 


8-1932127 


650 


651 


808601 


167284151 


23-4738892 


8-1981753 


551 


652 


804704 


168196608 


28-4946802 


8-2081819 


552 


653 


805809 


169112377 


23-5159520 


8-2080825 


653 


654 


806916 


170081464 


23-5872046 


8-2130271 


554 


655 


808025 


170953875 


^8-5584380 


8-2179657 


655 


656 


309186 


171879616 


23-5796522 


8*2228985 


-656 


557 


810249 


172808698 


23-6008474 


8-2278254 


557 


658 


811364 


178741112 


23-6220236 


8-2827463 


658 


659 


812481 


174676879 


23-6431808 


8-2876614 


659 


660 


818600 


175616000 


23-6648191 


8-2426706 


660 



BQUARE EOOTS, AND CITBB ROOTS. 



tFi^. 


SluiL 


cu. 


aiuua R«>C. 


Clll>lR»l. 


M..b.r. 


561 


814721 


176568481 


23 ■6864886 


8-2474740 


561 


682 


815844 


177604328 


23-7065392 


8-2523715 


562 


668 


8109«9 


1T845364T 


23-7276210 


8-2572683 


508 


664 


318006 


179406144 


23-7486342 


8-2621492 


604 


665 


819226 


180302125 


23-7697266 


8-2670294 


666 


666 


820360 


181321496 


23-7907546 


8-2719039 


566 


667 


821489 


1822842G3 


23-8117618 


8-2767726 


507 


568 


323324 


188250432 


23-8327500 


8-2816355 


608 


609 


328761 


184230009 


23-8537209 


8-2864928 


569 


670 


324900 


165198000 


23-8746728 


6-2913444 


570 


571 


326041 


186169411 


23-8966063 


8-2961903 


571 


572 


327184 


187149248 


23-9105215 


8-3010304 


672 


673 


328329 


188132617 


23-9374184 


8-3058051 


573 


6T4 


329470 


169119224 


23-9582971 


8-3106941 


574 


575 


380626 


190109375 


23-9791676 


8-3156175 


576 


570 


331776 


18n02976 


24-0 


8-3203368 


570 


677 


332929 


182100033 


240208243 


6-3251476 


577 


678 


334084 


183100662 


24-0416806 


8-3299542 


678 


579 


336241 


184104G39 


24-0624168 


8-3847553 


679 


680 


386400 


195112000 


24-0831891 


8-3896509 


680 


581 


337501 


196122941 


24-1039416 


8-8443410 


581 


582 


888724 


107137368 


24-1246782 


8-3491250 


582 


683 


339889 


198155287 


24-1458929 


8-3539017 


683 


584 


341056 


199176704 


24-1060010 


8-3586784 


684 


585 


342226 


200201626 


24-1867732 


8-3684408 


585 


589 


34839S 


201230056 


24-2074369 


8-3682096 


686 


587 


844669 


202262003 


24-2280629 


8-3729688 


687 


58S 


845744 


203297472 


24-2487113 


8-3777188 


588 


689 


846921 


204386469 


24-2693222 


8-3824663 


689 


690 


348100 


20^379000 


24-2899156 


8-3872065 


590 


591 


849281 


200425071 


24-8104916 


8-3919423 


691 


592 


360464 


207474088 


24-8310001 


8-3906729 


592 


693 


361649 


208627857 


24-8515913 


8-4013981 


593 


694 


352836 


209584584 


24-8721162 


8-4061180 


594 


690 


354026 


210644876 


24-3926218 


8-4108326 


696 


500 


36S21B 


211708736 


24-4131112 


8-4165419 


596 


697 


366409 


212776178 


24-4335834 


8-4202400 


597 


698 


367604 


213847102 


24-4540385 


8-4249448 


598 


699 


868801 


214021799 


24-4744705 


8-4298883 


699 


flOO 


860000 


216000000 


24-4946974 


8-4348267 


600 



SQUABES, CUBEB, 



H-mft 


»,.«.. 


c.^.. 


S,.iw.E»t 


CuboBW. 


Nn.^. 


601 


361201 


217081801 


21-5163013 


8-1390098 


001 


602 


B<;2404 


218167208 


21-5356883 


8-4438877 


602 


603 


3U3609 


219266227 


24-5560583 


8-1183605 


603 


G04 


804816 


22034*864 


24 ■67641 16 


8-4680281 


601 


606 


866025 


221146125 


21-6967476 


8-4576906 


606 


606 


S672S6 


222546018 


24-6170673 


8-4623179 


606 


eo7 


86tt449 


228648513 


24-6378700 


6-4670000 


607 


808 


SG9664 


224756712 


24-6570560 


6-1716171 


608 


809 


870881 


226880529 


21-0779251 


8-4762892 


609 


fllO 


372100 


226B8I0O0 


24-6981781 


6-1809281 


610 


611 


373321 


228099181 


24-7184142 


8'1866579 


611 


612 


371644 


229220928 


21-7388338 


81901818 


613 


61S 


376768 


230846397 


24-7588368 


8-1948065 


813 


614 


376996 


231175544 


24-7790234 


8<4994233 


614 


616 


878226 


232608376 


24-7991935 


8-6010360 


615 


618 


379450 


233714896 


24-8193173 


8-5086417 


616 


617 


380889 


231885113 


24-8394847 


8-5132486 


617 


618 


881 B24 


236029032 




8-6178403 


618 


619 


888161 


237176659 


21-8797W)a 


8-6224S21 


619 


620 


384400 


238328000 


21-8997992 


8<6270IE9 


620 


621 


385641 


289483061 


24-9198716 


8-5316009 


021 


622 


386881 


240641848 


24-9399278 


8-53S1780 


022 


628 


888120 


241801867 


21-05-99679 


6-5407501 


023 


Q24 


389376 


212970624 


24-9799920 


6-5458173 


621 


625 


390fl26 


214140625 


26-0 


8-5498797 


628 


626 


391876 


245814378 


25-0199920 


8-5544372 


826 


627 


393129 


246491883 


25-0399081 


8<6589e99 


627 


628 


394384 


247673152 


25-0590282 


8-5635877 


628 


629 


395611 


248858189 


25-0798721 


S'5680307 


629 


630 


396900 


26004*000 


25 0998008 


8-6726139 


630 


631 


898161 


2B128969I 


25-1197134 


8-5771623 


631 


632 


899424 


252135968 


25-1398103 


8-6816809 


-632 


633 


400689 


253636137 


25-1694913 


8-6B82047 


638 


634 


401966 


251810104 


25<1703566 


8-5907238 


631 


036 


403226 


268047875 


25-1992063 


9-5952380 


036 


636 


401496 


267259456 


25-2190404 


8-6997476 


636 


637 


405799 


268174863 


25-2888589 


8-0042625 


637 


633 


107041 


259691072 


25-2586019 


80087526 


033 


639 


108321 


260917119 


25-2781493 


8-6132480 


039 


610 


409600 


262111000 


25-2982213 


6-81773e8 


610 



SQUARE BOOTS, AHD CUBB BOOTS. 



S^^, 


s,=«.. 


Cobs. 


HqoinBoot 


emu Boot 


«,^. 


SJl 


410881 


263874721 


25-3179778 


8-0222248 


641 


G42 


4r2164 


264609288 


25-3377189 


8-6267063 


642 


843 


413449 


265847707 


25-8574447 


8-0311830 


043 


644 


414738 


207089984 


26-3771 661 


8-6356651 


6*4 


646 


416025 


268886125 


25-3908502 


6-6401226 


6*5 


S4B 


417310 


269586136 


25-4165301 


8-0446855 


648 


647 


418609 


270840023 


25-4861947 


8-0490437 


6*7 


646 


41!}m)4 


272097792 


26-4558441 


8-6584974 


6*8 


649 


421201 


278359449 


25-4754784 


8-6579465 


6*9 


660 


422500' 


274035000 


25-4950976 


8-0023911 


660 


651 


423801 


275804461 


25-5117016 


8-6668310 


651 


65'>- 


4-'6104 


277167808 


25-5342907 


8-6712665 


652 




00 


278446077 


25-5588647 


8-0756974 


653 






279726264 


25-5734237 


8-6801237 


654 




4.90 


281011375 


25-6929678 


6-6845456 


666 




03 


282300416 


25-6U4969 


8-6889030 


066 






283593893 


25-6320112 


8-6938759 


657 


8 




284690312 


25-0615107 


8-6977843 


668 


96 


>8 


286191179 


25-0709953 


8-7021882 


069 






287196000 


25-6904652 


8-7065877 


060 






288804781 


25-7099203 


8-7109827 


061 






290117528 


25-7293607 


8-7 153734 


062 






291434-247 


25-7487864 


8-7197590 


633 


664 


440896 


292764944 


25-7681976 


8-7241414 


66* 


666 


442225 


294079625 


25-7875939 


8-7285187 


665 


086 


4*3556 


295408230 


26<8069758 


8-7828918 


686 


087 


444889 


296740D63 


25-8263431 


8-7372604 


667 


668 


446224 


298077682 


25-8466960 


6-741*246 


668 


669 


44T661 


299418309 


25-8650343 


8-7459846 


689 


670 


448900 


800763000 


25-8848582 


8-7503401 


670 


671 


450241 


802111711 


25-9036677 


8-7540913 


G71 


672 


461581 


803464448 


25-9229028 


8-7590383 


672 


67S 


462929 


804821217 


25-9422435 


8-7033809 


673 


674 


454276 


800182024 


25-0016100 


8-7677192 


674 


676 


455026 


607646875 


26-9807021 


8-7720582 


675 


676 


45697C 


808915776 


26-0 


8-7768830 


676 


677 


468329 


810288733 


26-0192287 


8-7807084 


077 


678 


469884 


811065752 


26-088*331 


6-7850296 


678 


679 


461041 


313046839 


26-0576284 


8-7893468 


079 


680 


462400 


S14432000 


26-0768096 


8-7986693 


680 



86 



SQUARES, CUBES, 



Namber. 


Square. 


681 


463761 


682 


465124 


683 


4G0480 


684 


467856 


685 


409225 


686 


470590 


687 


471969 


688 


473344 


689 


474721 


690 


476100 


691 


477481 


692 


478864 


698 


480249 


694 


481636 


695 


483025 


696 


484416 


697 


485800 


698 


487204 


699 


488601 


700 


490000 


701 


491401 


702 


492804 


703 


494209 


704 


495616 


705 


497026 


706 


498486 


707 


499849 


708 


501264 


709 


502681 


710 


504100 


711 


505521 ' 


712 


506044 


713 


508369 


714 


509790 


715 


511225 


716 


512656 


717 


514089 


718 


515524 


719 


516901 


720 


518400 



Cab«. 



315821241 
317214568 
318611987 
320013504 
821410125 

322828856 
324242703 
325660072 
327082769 
328509000 

829939371 
331373887 
332812557 
334255384 
335702375 

387153586 
338608878 
340008392 
341532099 
343000000 

344472101 
345948408 
347428927 
348913664 
350102625 

351895816 
353393243 
354894912 
356400829 
357911000 

' 359425431 
360944128 
362467097 
363994344 
305525875 

367061696 
308601813 
370146232 
871694959 
873248000 



SqiuuraBooi. 



26-0959767 
261151297 
26»1342687 
20-1533937 
26-1725047 

26-1916017 
26-2106848 
26-2297641 
26-2488095 
26-2678511 

26-2868789 
26-3058929 
26-3248932 
26-3438797 
26-3628527 

26-3818119 
26-4007676 
26-4196896 
26-4386081 
26-4575131 

26-4764040 
20-4952820 
26-5141472 
20-6329983 
20-5518361 

26-5706606 
26-5894716 
26-6082694 
26-6270539 
26-0458252 

20-6046833 
20-0833281 
20-7020598 
20-7207784 
20-7394839 

26-7581763 
20-7708557 
28-7956220 
26-8141754 
26-8828167 



Cube Boot. 


Nttmber. 


8-7979079 


681 


8-802afr2l 


682 


8-8005722 


683 


8-8108681 


084 


8-8161598 


685 


8-8194474 


686 


8-8237307 


687 


8-8280099 


688 


8-8322850 


689 


8-8365559 


690 


8-840'8227 


691 


8-8450854 


692 


8-8493440 


693 


8-8686986 


694 


8-8678489 


695 


8-8620962 


696 


8-8663376 


697 


8-8706767 


698 


8-8748099 


699 


8-8790400 


700 


8-8832601 


701 


8-8874882 


702 


8-8917003 


703 


8-8959204 


704 


8-9001304 


70o 


8-9043366 


706 


8-9085387 


707 


8-9127369 


708 


8-9169811 


709 


8-9211214 


710 


8-9253078 


711 


8-9204902 


712 


8-9330687 


713 


8-9378433 


714 


8-9420140 


715 


8-9461809 


716 


8-9503438 


717 


8-9545029 


718 


8-9580581 


719 


8-9628096 


720 



BQUABG BOOTS, AND CUBE BOOTS. 



y^^. 


Sgnnn. Cob.. 


»i^™r™i. 


Ou^B^L 


HulBblt. 


721 


610841 


874B053G1 


26-8514432 


8-9660570 


721 


722 


521284 


3763fi7018 


26-8700677 


8-0711007 


722 


728 


52272B 


377983007 


26-8886503 


8-0752106 


728 


72* 


624176 


370508124 


26-9072481 


8-9703766 


724 


725 


525(i25 


381078126 


26-9258240 


8-9835089 


726 


726 


627076 


382667176 


26-9413872 


8-0870373 


726 


727 


528529 


384240583 


26-9629876 


8-99176-20 


727 


728 


529084 


385828352 


26-9811751 


8-0956829 


728 


729 


631441 


887420189 


27-0 


9-0 


720 


730 


632900 


389017000 


27-0185122 


0-0041134 


780 


73r 


53436) 


390617891 


27-0370117 


0-0082229 


781 


732 


536824 


892223168 


27-0551985 


9-0128288 


732 


733 


687280 


303832837 


27-0739727 


9-0164309 


738 


734 


688766 


306446004 


27-0924311 


9-0205203 


781 


735 


540225 


397065376 


27-1108834 


9-0246289 


735 


786 


64UJ96 


39B688256 


27-1298190 


9-0287140 


73« 


737 


6431110 


400315553 


27-1477439 


0-0328021 


787 


738 


544G44 


401047272 


27-LB61554 


9-0368867 


788 


780 


546121 


403583119 


27-1815544 


9-0409655 


730 


748 


647B00 


406224000 


27-2029410 


0-0460417 


740 


7« 


649081 


106809021 


27-2213152 


0-0491142 


711 


742 


660564 


408518188 


27-2396769 


00681831 


742 


748 


552019 


410172107 


27-2680268 


9-0672482 


748 


744 


5535S6. 


4118307B1 


27-2768681 


0-0613098 


714 


745 


655026 


418493U25 


27-2016881 


9-0653677 


715 


746 


55G516 


415160936 


27-J!I;liiOiM 


0-0604220 


716 


747 


S68009 


116832728 


27 -3:;! 8007 


9-0734726 


717 


748 


569504 


.418508902 


27-31!l58a7 


0-0776197 


748 


749 


661001 


420189749 


27-3(17864-( 


9.0815681 


719 


750 


562500 


421876000 


27 ■38(11279 


9-08560S0 


760 


761 


661001 


123564761 


27-1048792 


9-0806302 


761 


762 


565501 


425269008 


27 -4226 184 


0-qQ?C710 


752 


753 


507000 


126B67777 


27-4408166 


0-0077010 


768 


754 


668516 


428661064 


27-4690604 


0-1017265 


764 




670025 


130868875 


27-1772033 


9-1057186 


756 


760 


67153G 


432081216 


ST ■1951612 


0-1O97660 


756 


757 


573049 


133708093 


27-5136330 


0-11878I8 


757 


75B 


574564 


435519612 


27 ■5317998 


0-1177931 


768 


759 


576081 


437216479 


27'649951B 


9-1218010 


759 


760 


677600 


438978000 


27-6QB007d 


9-1268068 


760 



86 



SQUARES, CUBES, 



Namber. 


l^iuur«. 


Cab«. 


Sqii*r«Boot. 


Cube Boot. 


Ndmbar. 


681 


463761 


315821241 


26-0959767 


8-7979679 


681 


682 


465124 


317214568 


26-1151297 


8-8021^21 


682 


683 


466489 


318611987 


26*1342687 


8-8065722 


683 


684 


467856 


320013504 


26-1533987 


8-8108681 


684 


685 


4C9225 


821419125 


26-1725047 


8-8151598 


685 


686 


470596 


322828856 


26-1916Q17 


8-8194474 


686 


687 


471969 


324242703 


26-2106848 


8-8237807 


687 


688 


478344 


325660672 


26-2297541 


8-8280099 


688 


689 


474721 


827082769 


26-2488095 


8-8322850 


689 


690 


476100 


328509000 


26-2678511 


8-8365559 


690 


691 


477481 


32993.9371 


26-2868789 


•8-8408227 


691 


692 


478864 


831873887 


26-305^^29 


8*8450854 


692 


693 


480249 


332812557 


26-3248932 


8-8493440 


693 


694 


481636 


334255384 


26-8488797 


8-8585985 


694 


695 


483025 


385702375 


26-8628527 


8-8578189 


695 


696 


484416 


387168586 


26-3818119 


8-8620962 


696 


607 


485809 


338608873 


26-4007576 


8-8663875 


697 


698 


487204 


340068392 


26-4196896 


8-8705757 


698 


699 


488601 


341532099 


26-4886081 


8-8748099 


699 


700 


490000 


848000000 


26-4575131 


8-8790400 


700 


701 


491401 


844472101 


26-4764046 


8-8832661 


701 


702 


492804 


345948408 


26-4952826 


8-8874882 


702 


703 


494209 


347428927 


26-5141472 


8-8917068 


703 


704 


495616 


348913664 


26-5329983 


8-8959204 


704 


705 


497026 


850102625 


26-5518361 


8-9001304 


705 


706 


498436 


851895816 


26-5706605 


8-9043866 


706 


707 


499849 


358398248 


26-5894716 


8-9085387 


707 


708 


501264 


854894912 


26-6082694 


8-9127369 


708 


709 


502681 


356400829 


26-6270539 


8-9169811 


709 


710 


504100 


857911000 


26-6458252 


8-9211214 


710 


711 


505521 ' 


859425431 


26-6645833 


8-9253078 


711 


712 


506944 


860944128 


26-6833281 


8-9204902 


712 


713 


508369 


362467097 


26-7020598 


8-9336687 


713 


714 


509796 


363994344 


26-7207784 


8-9878433 


714 


716 


611225 


865525875 


26-7894889 


8-9420140 


715 


716 


512656 


867061696 


26-7581763 


8-9461809 


716 


717 


514089 


868601813 


26-7768557 


8-9503438 


717 


718 


515524 


870146232 


26-7955220 


8-9545029 


718 


719 


516961 


871694959 


26-8141754 


8-9586581 


719 


720 


618400 


378248000 


26-8828157 


8-9628095 


720 



BQUABE SOOTS, ADD CCBE BOOTS. 



...^ 


St-MC 


Col.. 


^^r.^ 


c^un-ou 


Niia)>a, 


801 


041601 


613922401 


28-3019434 


92870440 


801 


802 


643204 


515840608 


23'8 196046 


9 2909072 


802 


808 


644809 


517781627 


28 '8372546 


92947671 


603 


804 


648418 


51971846* 


28 '3548938 


9 '2960289 


804 


eos 


648025 


521800125 


28-8725219 


9-3024775 


805 


BOG 


649QS6 


623606616 


28-3901891 


9-3033278 


606 


B07 


651249 


625557343 


28-4077454 


9-3101750 


807 


808 


652864 


627514112 


28-4253408 


9-8140190 


80S 


809 


654481 


529476129 


28-4429253 


B-8176599 


809 


BIO 


C56100 


581441000 


28'4GD4980 


9-3218975 


810 


611 


657721 


538111731 


28-4780017 


9-3265320 


81t 


612 




535867828 


28-4068137 


9-3293634 


812 


613 


6U0969 


5373li7707 


28-51 3;549 
28-53088^2 


9-3331016 


818 


an 


662596 


580358144 


9-3B70I67 


814 


615 


6U4225 


511343875 


285482048 


9-3408386 


816 


616 


6aG8SS 


643338496 


26-5057187 


9<3446576 


816 


B17 


607489 


545338513 


28-6832119 


9-3484731 


817 


816 


609121 


547348432 


26-6008993 


9-3622857 


818 


819 


670701 


549353259 


28-6181760 


9-3600952 


819 


B20 


672400 


551368000 


28-0360421 


9-3599016 


820 


821 


6T4041 


5&33S7661 


28-0630973 


9-3637049 


821 


822 


0751184 


556412246 


28-6705424 


9-3675051 


822 


828 


677829 


667441787 


28'6879766 


9-3713022 


823 


824 


076976 


559476224 


28-7051002 


9 '3760903 


824 


825 


6B0625 


601616825 


28'7228182 


9-3788873 


825 


826 


062273 


66S55997Q 


28-7402157 


9-8826762 


826 


827 


663929 


665609283 


28-7576077 


9-8884600 


827 


828 


685584 


667668662 


26-7749891 


9-3902419 


828 


829 


687241 


569722789 


28 '7923601 


9-8940206 


829 


880 


686900 


571787000 


^8-8097206 


9-3977984 


630 


831 


690561 


573868191 


28'8270706 


9'401S69I 


831 


832 


692224 


575980388 


28-8444102 


9-4058387 


832 




6938B9 


678009587 


28'8G17394 


9W91054 


883 


634 


69555a 


580093704 


28'8790582 


9-4128690 


884 


836 


697225 


562162876 


28-8988880 


9-4166297 


886 


83C 


698890 


684277056 


26-9188648 


9-4203873 


83S 


837 


7005U9 


58637U253 


28-0309523 


9-42414-iO 


887 


886 


702^44 


688480472 


28'34822lt7 


9 '4278986 


888 


839 


708921 


590589719 


28 '9354987 


9 4316423 


839. 


^ 


705500 


692704000 


28-9a27i86 


9.1353880 


810 



90 



6QTTASES, CUBES, 



H«mb«r. 


Sqtiar*. 


Cab*. 


SqaanRoot 


CnbeBooi. 


Nnmbn. 


841 


707281 


594828821 


29-0 


9-4891807 


841 


842 


708964 


596947688 


29-0172868 


9-4428704 


842 


848 


710649 


599077107 


290344628 


9-4466072 


843 


844 


712336 


601211584 


290516781 


9-4508410 


844 


845 


714025 


603351125 


29*0688887 


9-4540719 


845 


846 


715716 


605495786 


29-0860791 


9-4577999 


846 


847 


717409 


607645423 


291032644 


9-4615249 


847 


848 


719104 


609800192 


29-1204896 


9-4652470 


848 


849 


720801 


611960049 


29-1876046 


9:4689661 


849 


850 


722500 


614125000 


29-1547595 


9-4726824 


850 


851 


724201 


616295051 


29-1719048 


9-4763957 


851 


852 


725904 


618470208 


291890890 


9-4801061 


862 


858 


727609 


620650477 


29-2061687 


9-4888136 


853 


854 


729316 


622885864 


29-2232784 


9-4875182 


854 


855 


731025 


625026375 


29-2408830 


9-4912200 


856 


856 


732736 


627222016 


29-2574777 


9-4949188 


856 


857 


734449 


629422798 


29-2745623 


9-4986147 


857 


858 


786164 


631628712 


29-2916370 


9-5023078 


858 


859 


737881 


633839779 


29-8087018 


9-5059980 


859 


860 


739000 


636056000 


29-3257566 


9-5096854 


860 


861 


741821 


638277381 


29-3428015 


9 •6188699 


861 


862 


743044 


640508928 


29-3598865 


9-5170616 


862 


868 


74476^ 


642735647 


29-8768616 


9-5207308 


863 


864 


746496 


644972544 


29-3938769 


9-5244068 


864 


865 


748225 


647214625 


29-4108823 


9-5280794 


865 


866 


749956 


649461896 


29-4278779 


9-5817497 


866 


867 


751689 


651714363 


29-4448637 


9-5354172 


867 


868 


758424 


668972032 


29-4618897 


9-5390818 


868 


86U 


755161 


656284909 


29-4788059 


9-5427437 


869 


870 


756000 


658508000 


29-4957624 


9-5464027 


870 


871 


758641 


660776311 


29-5127091 


9 5500589 


871 


872 


700384 


603054848 


29-6296461 


9-5537128 


872 


»7a 


762129 


665388617 


29-5465784 


9-6573630 


873 


874 


76a876 


60762762^ 


29-5634910 


9-5610108 


874 


876 


765625 


66U921875 


29-5803989 


9 •5646659 


876 


876 


767376 


672221376 


29-5972972 


9-6682982 


876 


B77 


769129 


674526133 


29-6141858 


9571937r 


877 


H7H 


770884 


676836152 


29-6310648 


9-5755745 


878 


87\) 


772041 


670151489 


29-6479342 


9-5792085 


879 


»M0 


7T44«) 


081472000 


29-6647989 


9-5828397 


880 



BQUARE BOOTS, AND CDBE ROOTB. 



Monlm 


eq™. 


c.... 


bmunRcmt. 


c^K^ 


N,«b«. 


881 


773161 


683797841 


20-6816442 


0-5864682 


881 


882 


777924 


68612S968 


29-6984848 


9-5900939 






7796B0 


688465387 


29-7163159 


9-5937169 


833 


884 


781466 


690807104 


29-7321375 


9-5978878 


884 


885 


783225 


693164126 


29-7489198 


e-6009548 


885 


88G 


784996 


695506458 


29-7657521 


9-6045698 


886 


887 


786769 


607864103 


29-7825452 


B-6031817 


887 


888 


788544 


700227072 


29-7993289 


9-61178J1 




889 


790321 


702596S69 


29-8161030 


9-6153977 


889 


880 


792100 


704969000 


29-8328676 


9-6190017 


890 


8Bt 


79B8SI 


707847971 


29-8498231 


9-6226030 


891 




795664 


709782288 


29-8663690 


0-6262016 


892 


893 


797449 


712121057 


29-8831066 


9-6297976 


603 


eu 


799286 


714616984 


29-8998328 


9-6383907 


894 


895 


801025 


716917376 


29-9165506 


9-6369812 


695 


S»S 


802816 


719823136 


29-9332501 


0-6405690 


806 


897 


8B4609 


72173427S 


29-9499533 


9-6441542 


897 




806404 


724150792 


29-9666481 


9-6477307 




Site 


808201 


726573699 


29-9833287 


9-6613160 


899 


900 


810000 


729000000 


80-0 


9-664893S 


900 


001 


811801 


731482701 


80-0180620 


9-6584684 


901 


902 


818604 


733870808 


30-0333148 


9-6620403 


902 


903 


816409 


736814327 


80-0499584 


9-6056096 


903 


904 


817216 


738763264 


30-OU65928 


9-6691762 


904 


906 


819025 


741217625 


30-0832i79 


9-6727403 


B06 


906 


820833 


743677410 


80-0598339 


0-6763017 


906 


907 


822649 


746142643 


30-1164407 


9-6793604 


907 


908 


• 82446* 


748613312 


30-1330383 


9-6834166 


908 


900 


820281 


751089429 


301498269 


9-6869701 


909 


910 


828100 


763571000 


30-1662063 


9-6905211 


910 


811 


829921 


756058031 


80-1827765 


9-6940694 


911 


B12 


831744 


7685S0528 


30-1993377 


9C976151 


912 


918 


833569 


761048497 


aO-2158899 


0-7011683 


913 


914 


835390 


703561944 


30-23-243 :i9 


9-70*6989 


914 


015 


887225 


760000876 


30-2489669 


9-7082369 


916 


918 


839056 


768575206 


80-2654919 


9-7117723 


916 


917 


640380 


771095213 


80-2920079 


9-7153051 


fll7 


918 


842724 


773620632 


80-2985148 


9-7188354 


918 


919 


8445111 


776151669 


80-8150128 


9-7223631 


919 


■920 


848400 


776U83001 


30-8316018 


9-7258883 


920 



SQUARES, CUBES, 



921 M»2*l 
9-22 6500M \ 
B23 651929 , 

Kit s:-a" 

Ka $ol»i-2a ; 

^26 ; 65T47S : 



r 86330467 

rei463iJd 



930 { 8Gi900 I 
9S1 I 86676L 
982 < 868624 
m» \ 8TIM89 
D34 ' 672356 , 
935 S7122J 
086 876 



SO4«37O0O 
80S9oM91 
S0»m756S 
81216^237 
814780504 
81740U37J 
i 820023856 
; 82-J(i5UK>3 
I 82529367^ 
I 82703U0I9 

j »si)6aiooo 

; 833287621 



8460 90330 
849278123 
8519T1392 
854670349 

65T375000 



86280:408 
8606-23177 
86835061:4 
870^83875 
873722816 
876467493 
87U2 17912 
881 'J7 1079 
831733003 



30-3479S18 
30-3644629 
501809101 
30-3973683 
80-4138127 
30-4302481 
80-1466747 
80-4630924' 
80-4795013 
30-49090U 
SO-5122926 
30-5286750 
30-5450487 
30-5614136 
30-5777697 ; 
30-5941171 ' 
306104557 
30-ti2U7857 
30-6431 IM» ; 
30-05U4194 I 
30-6757233 . 
30-OJ2018a i 
30-7083051 , 
30-7245830 ; 
30-7408523 , 
, 80-7671130 ; 
, 30-7783651 
' 3U-78[HH)36 ; 
80-8058436 
30-82-20700 | 
30-8382879 i 
80-8544U72 
30-8706981 i 
' 30-88u8'JU4 
30-0030748 
I 3W192497 
' 30-935 11 6tt 
; 80-9515751 
I 30-9677251 



14109 921 
!9309 I 922 



9-7294109 

9-7364484 
9-7399634 
9-7434758 



9-7575002 | 920 ■ 

9-7610001 i 930 I 

0-7614974 ' 93t ' 

9-7679922 ; 982 i 
9-7714S4S 933 
9-7749743 I 934 



9-7819466 


936 I 


9-7854288 


937 


9-7889087 


S188 


9-7923861 


939 


9-7958611 


^40 


9-7993336 


»(i 1 


g<80->S036 


942 


9-8062711 


943 


9-8097862 


944 


9-81S1B89 


945 


9-816&5S1 


940 


9-8201169 


947 


9-8235728- 


948 


0-8270252 


949 


9-8304757 


950 


0-8339238 


951 


9-8373695 


952 


3-8408 127 


958 


a -8442586 


954 


0-8476920 


953 


9-8511280 


966 


9-8545617 


957 


9-8579929 


9j8 


9-8014218 


959 •■ 


9-8618188 


960 ■ 



SQUARE BOOTS, AND CUBE BOOTS. 



93 



1 

Number. 


Square. 


Cabe. 


Sqaare Root. 


Cabe Boot. 


Number. 


901 


923521 


887503681 


810 


9-8682724 


961 


' 862 


925444 


890277128 


81-0161248 


9-8716941 


962 


968 


927369 


893056347 


810322413 


9-8751135 


968 


904 


929296 


895841344 


31-0483494 


9-8785805 


964 


965 


931225 


898632125 


31-0644491 


9-8819451 


965 


966 


933156 


901428696 


81-0805405 


9-8858574 


966 


967 


935089 


904281003 


31-0966236 


9-8887678 


967 


968 


937024 


907039282 


81-1126984 


9-8921749 


968 


969 


988901 


909853209 


81-1287648 


9-8955801 


969 


970 


940900 


912073000 


81-1448230 


9-8989880 


970 


971 


942841 


915498011 


31-1608729 


9-9028885 


971 


972 


944784 


918830048 


311769145 


9-9057817 


972 


973 


940729 


921107317 


81-1929479 


9-9091776 


978 


974 


948076 


924010424 


81-2089781 


9-9125712 


974 


975 


950025 


926859375 


81-2249900 


9-9159624 


976 


976 


952576 


929714176 


31-2409987 


9-9198518 


970 


977 


954529 


932574833 


31-2509992 


9-9227879 


977 


978 


950484 


935441352 


31-2729915 


9-9261222 


978 


979 


958441 


• 938313789 


31-2889757 


9-9295042 


979 


980 


900400 


9:11192000 


31-8049517 


9-9328839 


980 


981 


902361 


944070141 


31-8209195 


9-9362618 


981 


982 


904824 


940900108 


31-3808792 


9-9896863 


982 


983 


900289 


949802087 


31 -3528808 


9-9480092 


988 


984 


908250 


952703904 


31-3087748 


9-9463797 


984 


985 


970225 


955071025 


31-3847097 


9-9497479 


985 


980 


972190 


958585256 


31-4000309 


9-9531188 


986 


987 


974109 


901504803 


31-4105501 


9-9564775 


987 


988 


970144 


904430272 


31-4324078 


9-9598889 


988 


989 


978121 


907301669 


31-4488704 


9*9631981 


989 


990 


980100 


97029S000 


81-4042654 


9-9665549 


990 


991 


982081 


973242271 


81-4801525 


9-9699095 


991 


992 


984004 


976191488 


31-4960315 


9-9732619 


992 


993 


980049 


979146057 


31-5119025 


9-9766130 


998 


99 i 


988036 


982107784 


31-5277655 


9-9799599 


994 


995 


990025 


985074875 


81-5486206 


9-9888055 


996 


990 


992016 


988047936 


31-5594677 


9*9866488 


996 


997 


994009 


991026978 


31-5758068 


9-9899900 


997 


998 


996004 


994011992 


81-5911880 


9-9988289 


998 


999 


998001 


997002999 


81*6069&18 


9-9966656 


999 


1000 


1000000 


1000000000 


8 1 •6227706- 


10-0 


1000 



SQDAaBS, CUBES, 



H.mb« 


g^uct. 


CI.. 


Bq„Kl,B«A. 


CiAtB-M. 


Nt»l«. 


921 


B4824I 


781229961 


30-3479818 


0-7291109 


921 


922 


830084 


783777*48 


80-364462B 


9-7829809 


922 




8Q1929 


786330467 


30-3809151 


9-7364484 


928 


924 


858770 


788889024 


30-3973683 


B-7399631 


9-24 


925 


B55G25 


791153126 


80-4138127 


6-7481758 


926 


'926 


857478 


794022776 


30'43024S1 


9-7469857 


920 


9-27 


859329 


796597983 


80-44B6T17 


S-7^049SO 


927 


928 


861184 


799178752 


80-4630924 


9-7539979 


928 


e2e 


868041 


80ITrAD89 


30-4796018 


9-7575002 


929 


930 


864900 


804367000 


30-4959011 


0-7610001 


930 


981 


886761 


806951491 


30-6122926 


9-7611971 


981 


9S2 


868624 


809567568 


30-5286750 


9-7679922 


982 


9SS 


87048B 


812166237 


30-5160487 


0-7714846 


933 


934 


872356 


8)4780501 


30-5614136 


9-77497*3 


984 




874225 


S1T1003T5 


80-57771)97 


9-7784616 


986 


93Q 


B7t>D90 


820026856 


30-5911171 


9-7819466 


936 


987 


877969 


822656953 


80-6104557 


9-7864288 


987 


ese 


879844 


825298672 


30-6267857 
80Q4aiOB9 


9-7889087 


988 


93B 


881721 


82708U019 


9-7923861 


939 


BIO 


883600 


830581000 


80-6694194 


B-7958U11 


■910 


Ml 


886181 


833287621 


30-6767233 


fl-7998836 


941 


B42 


887864 


885896888 


80-6920185 


9-8028036 


912 


948 


8892*9 


888561807 


30-7088051 


9-8062711 


943 


941 


891136 


841232884 


80-7245830 


fi-8097362 


944 


e45 


898025 


8439086;!5 


30-7408623 


9-8181989 


946 


949 


894916 


846690536 


30-7571130 


9<S1665BI 


646 


947 


896809 


849278123 


30-7733651 


9-8201169 


947 


948 


898704- 


851971892 


30-7896086 


9 ■8235 723 ■ 


948 


949 


900601 


854670349 


80-8058436 


9-8270252 


649 


9S0 


902600 


857875000 


30-8220700 


9-8304767 


960 


951 


Q04401 


,860085351 


30-8382878 


9-8339288 


661 


952 


906804 


862801408 


30-8644972 


g<83736!>6 


952 


S53 


3D820d 


865523177 


80-8706981 


9-8408127 


B53 


954 


BlOlie 
D1202a 


e682606'a 


80-881)8904 


9-8442380 


654 


955 


870983375 


30-9030748 


9-8476920 


955 


956 


913936 


87a72281S 


30^''l92497 


9-8511280 


956 


957 


915849 


876467498 


30-936 11 Oti 


9<8(>45617 


957 


958 


91776* 


879217912 


30-9515751 


9-8579929 


958 


969 


919881 


88 197 4079 


30-9Q77251 


9-8014218 


959 


eao 


921600. 


8S173JIWU 


30'9S880U8 


9-8648483 


960 



SQUABE E00T8, AND CUBE KOOTS. 



V«to> 


St«t*. 


Cub.. ! »q=r. Hurt. : C«Ua»ot. 


,..-. 


"^ 


923621 


88760MSI 1 81-0 


9-8082724 


S61 


062 


925444 


8902771-8 81-0161248 


9-8716941 


902 


eon 


92;3«9 


89305tia47 81-0822413 


9-8751135 


90S 


SM 


92029(1 


895841344 181-0483404 


0-8785305 


804 


sea 


93123S 


8086321-26 31 ■0644491 


98819451 


066 


963 


983158 


90U2869G ' 31 -0805405 


9-8858674 


966 


967 


936089 


90123IOli3 


31-0906236 


9^S88TG73 


967 


9«a 


98T024 


007039233 


81-1120984 


0-8931749 


968 


e«a 


9889<;i 


909863309 


ai -1287848 


8-8965801 


B«9 


970 


040900 


912073000 


81-1146230 


0^8989880 


070 


B71 


9428*1 


016498011 


81-1608729 


9-90238B6 


971 


97a 


944784 


916330048 


31'17G9U5 


8-9057817 


972 


«73 


94G729 


9-21107817 


811929479 


9-909177G 


976 


971 


948076 


924010424 


81-2080781 


8-9125712 


974 


976 


950023 


826859375 


31-2249900 


0-9159624 


975 


978 


95-2670 


928714176 


81-2409987 


9-9193513 


976 


977 


954629 


9a2574833 


31 '2569982 


0-9227379 


97T 


976 


956484 


936441352 


81 ■2729916 


9-9261222 


978 


970 


058411 


■ 938;:ia789 


81 -2880757 


0-9296042 


079 


980 


0(J04aO 


911IO:;000 


31 ■8049317 


9-9828830 


980 


981 


062361 


94407(il41 


81 ■3209195 


0-0882618 


961 


982 


064S:!4 


Wiimias 


31-3308702 


9 ■9896303 


982 


983 


9ao2a» 


ei08i;208T 


81<362S30B 


9-9430002 


983 


984 


008250 


962703904 


31-8687748 


9 9463797 


964 


98G 


070226 


056071625 


31-3617097 


9-9497479 


985 


9S6 


9721D6 


058685258 


81-4006369 


8 9531138 


98G 


93T 


0741(19 


9U1504803 


81-4186561 


9-9684775 


987 


988 


076144 


9«44a0272 


31-4324673 


0-9588389 


988 


98a 


0781J1 


'J073616R9 


314488704 


0-9631981 


989 


990 


OBOIDO 


070291)000 


814042664 


9 ■9606619 


900 


991 


B82081 


873242271 


81 -4801 525 


9-9899095 


891 


002 


e840t;4 


870191488 


31-49B0816 


9-0732619 


902 


903 


08S049 


979146ti67 


81-5118025 


9-978G130 


003 


991 


08B036 


982107784 


31-6377055 


■9799509 


994 


905 


U9002S 


985074875 


81-6436206 


9-9833066 


005 


9eG 


992016 


93804793G 


81 6694677 


0-98GG188 


980 


907 


994009 


991026973 


81 ■6763068 


9-9899900 


987 


9!)8 


09(1004 


904011992 


81-6911880 


8-9933289 


988 


900 


098lXkl 


997002999 


81-fl069t«8 


9-9966658 


999 


1000 


lOOUOOO 


lOUOOOOOOO 


31-6227700' 


1 0-0 


1000 



SQUARES, CUBES, 



grBKiHi 


Sqw.. 


Cal«. 


»1UUI HMt, 


C^R^l. 


HOM^.. 


1001 


1002001 


1003003001 


31-638^840 


10-0083322 


1001 


1002 


1004004 


1006012008 


31-0543886 


10-0066622 


1002 


1003 


1008009 


1009027027 


81-6701762 


10-0099899 


1003 


1004 


lOOSOIG 


1012048064 




10-0133155 


1004 


1005 


1010025 


1016075126 


31-7017349 


10-0166889 


1006 


1006 


101203G 


1018108216 


31-7176080 


10-1)199601 


1006 


1007 


1014049 


1021147848 


81 ■7382688 


100232701 


1007 


1008 


1016064 


1024192512 


31-7490167 


1O-0266968 


1008 


1009 


1018081 


1027243729 


81-7617603 


10-0299104 


1009 


1010 


1020100 


1030301000 


31-7804972 


10-0332228 


1010 


1011 


1022121 


1033361331 


31-7962262 




1011 


1012 


1024141 


1036438728 


31-8119171 


10-0398410 


1012 


1018 


102B169. 


1039509197 


81-8276009 


10-043I4C9 


1013 


lOU 


1028196 


1042590744 


31-8433686 


10-0464506 


1014 


1015 


1030225 


1045878375 


31-8090310 


10-0497521 


1015 


1016 


10322SG 


1048773096 


31-8747549 


10-0530514 


1016 


1017 


1034280 


1051871918 


31-8904374 


10-0663486 


1017 


1018 


1036324 


1051077832 


31-9061123 


10-0596436 


1018 


1019 


1088301 


1058089859 


31-9217794 


10-0629364 


1019 


1020 


1010400 


1061208000 


31-9374388 


10-0662271 


1020 


1021 


1042441 


1064332261 


81-9630906 


10-0605156 


1021 


1032 


1044481 


1067462618 


31-9687347 


10-0728030 


1022 


1028 


1046529 


1070599167 


31-9843712 


10-0760803 


1028 


1024 


1048676 


1073741824 


82-0000000 


10-0793084 


1024 


1025 


1050625 


1070890625 


32-0166212 


10-0826181 


1025 


102G 


1062G76 


1080046576 


32-0312348 


10-0859262 


102Q 


1027 


1064728 


I08320668S 


32-0468407 


10-0892019 


1027 


1028 


1056784 


1086373962 


32-0621391 


10-0924756 


1028 


1029 


1058841 


1080547889 


32-0J80298 


10-0957469 


1029 


1080 


1060900 


1092727000 ' 32-0986181 


10-0990163 


1080 


1031 


1062961 


10959127B1 32-1091887 


10-1022885 


1031 


1032 


1065024 


1099101768 32-1217563 


10-1055487 


1032 


1038 


1067089 


1102302937 32<140S173 


10-1088117 


1033 


1031 


1069166 


1105507304 32-1658704 


10-1120726 


1034 


1035 


1071225 


1108717575 321714169 


101153314 


1036 


1036 


1073296 


1111934656] 32-18695B9 


10-1185882 


1036 


1037 


107S8R9 


1115157653 132-2024844 


10-1218^3 


1037 


103S 


1077444 


1118S8G872 32-2180074 


101250953 


1038 


1039 


1079621 


1121622319 132-2335229 


101283467 


1089 


1040 


1081GOO 


U2186400O 


82-2490310 


10-1315941 


1040 



SQUARE BOOTS, AND CUBE ROOTS. 



Hanber 


8,0.™. 


CuHi. 


^r.,^. 


Cit* Bo^ (NMbH. 


1011 


1083681 


1128111921 


32-2046316 


10'134B403 


1041 


1043 


1086764 


1131860088 


33-2800248 


101380845 


1043 


1048 


10B7849 


1134026507 


82-2966105 


10'14132e6 


1048 


1044 


1089986 


1137893184 


32-3 109888 


1 0-1445067 


1044 


lOlS 


1092025 


1141106125 


33-3204598 


10'1478O47 


1045 


104S 


1094116 


114M46SS8 


82-8419333 


101510406 


1046 


1047 


1090209 


1 147730833 


32-8578794 


101542744 


1047 


1048 


1098301 


1151022692 


33-3728281 


lO'l 575062 


1048 


1049 


1100401 


1164330649 


33-3883006 


101607359 


1049 


1050 


1102600 


1157025000 


32<4087035 


101639636 


1060 


1051 


1104601 


1160935661 


32-4191301 


lO'l 671693 


1051 


1062 


1106704 


1104262608 


33-4345495 


101701139 


1052 


1063 


1108809 


1167676877 


82-4499615 


] 01736844 


1063 


1064 


1110916 


11T0906464 


32-4663002 


10'1768539 


1054 


1055 


1U3025 


1174241875 


33-4807035 


10'1800714 


1066 


1066 


1116186 


1177583616 


32 '4961536 


10'1832868 


1056 


1067 


1117249 


1180982193 


32-5U6304 


10-1805002 


1057 


105S 


1119364 


I1812871I2 


82-6289119 


10'1897U8 


1068 


1059 


1121481 


1187648379 


32-5422802 


101929209 


1069 


1000 


1123600 


11S10I0O00 


33-6070412 


10-19S1283 


lOSO 


1061 


1136721 


1194389981 


82-2729940 


10-1993386 


1061 


1002 


1127844 


I1977W838 


82-5883416 


10-2025369 


1063 


1083 


1129989 


1201169047 


32-0030807 


10-3057382 


1063 


loai 


1182090 


1204650144 


33 0190129 


10-2089375 


1061 


losd 


1134335 


1207949635 


83-6313377 


10-2121847 


1065 


iOOB 


118G3S6 


1211865498 


32-049C654 


10-2163300 


loss 


1087 


1138489 


1214767703 


82-6049059 


10-2185233 


1067 


1088 


1140024 


1218180133 


83-6803693 


10-2217 140" 


1068 


lOUS 


1HJ761 


1221611509 


32-0966064 


10-2249039 


1089 


1070 


1144900 


1325043000 


83-7108541 


10-2280913 


1070 


1071 


114T011 


13384S0D11 


32-7261303 


10-2312766 


1071 


1073 


1149184 


1231925248 


83'7414111 


10-2314599 


1072 


1073 


U51829 


1235370017 


82-7506787 


10-237611 8 


1073 


1074 


1168470 


1338833224 


32-7719Sn2 


10-3408307 


107-4 


1075 


1166026 


1342390876 


33-7871936 


10-2439981 


1075 


lore 


1167776 


1245700970 


a2-a634389 


10 ■2471 785 


1076 


1077 


1169929 


13493435S3 


82 ■8176782 


10-2603470 


1077 


1078 


1163084 


1263730553 


32-8829108 


10-2535186 


1078 


1071) 


1104241 


]S6Q2iiS039 


32-8 48130 1 


10 266fl381 


1070 


1080 


1166400 


1269712000 


83-863353^ 


10 '2593657 


loeo 



1IT0T24 : 

1172889 : 

1176050 : 
117722S 

1179390 : 

1181600 : 

1183741 : 



1000 : 
1091 : 



1103 : 

1104 : 
1106 ; 



1111 
1X12 
Ills 



1116 
1117 

1118 
1119 
1120 



8QUAEBB, CUBES, 



82-8785044 
32 ■8337084 
32-»089S6S 
32'924I5J3 
S2'939SS82 
82 '11546141 
S2'BG90S30 
82-9848460 



1201216 1 
1203409 1 
1206604 1 



I 226449 1 

1227G64 1 

1229881 1 

1232100 1 

1234321 1 

1236544 1 

1238760 1 

12409B8 1 

1243226 ] 

1245466 1 

1247689 1 

1249934 1 

1252161 I 

1261400 ] 



38-0161480 
33-0802891 
33-0464233 
38-0005506 
88-0766708 
SS '0907842 
33-1058907 
331200903 
83-1860830 
33-1611689 
83-1662479 
33-1813200 
33-1963868 
33-2114438 
33-2264955 
SS-2416403 



3S'4006S62 
33-4215499 
33-4365070 
33-4514573 



10-2080213 

]0-2atil8S0 

10-2693467 

10-2725065 

10-2766644 

10-2788203 

10-2819743 

10-2861204 

10-2882765 

10-2014247 

10-2945709 : 

lQ-2977163 

10-8008677 

lO-SOBf""" 

10-307] 

10-3102735 

10-3134083 

10-8166411 

10-3106721 

10-3228012 

10-3259284 

10-3200537 

10-3321770 

10-3352985 

10-3384181 

10-3416368 . 

10-3446617 

10-3477657 



10-8033076 
1D-8S64103 
10-3605113 
10-3726103 
10-37570T6 
10-3788030 



BQITABE ROOTS, AND CUBE ROOTS. 



97 



Namber. 


Sqa&re* 


Cube. 


Square Root. 


Cube Boot. 


Number. 


1121 


125G641 


1408694561 


33-4813381 


10-3880781 


1121 


1122 


1268881 


1412467848 


33-4962684 


10-8911661 


1122 


1123 


1261129 


1416247867 


83-5111921 


10-8942523 


1128 


1124 


1263376 


1420034624 


38-5261092 


10-3978366 


1124 


1125 


1265625 


1423828125 


33-5410196 


10-4004192 


1125 


1126 


1267876 


1427628376 


83 -5559234 


10-4034999 


1126 


1127 


1270120 


1431435383 


33 -5708206 


10-4065787 


1127 


1128 


1272384 


1435249152 


83-5857112 


10-4096557 


1128 


1129 


1274641 


1439069689 


88 -6006962 


10-4127310 


1129 


1130 


1276900 


1442897000 


33-6154626 


10-4158044 


1180 


1131 


1279161 


1446731091 


38-6303434 


10-4188760 


1131 


1132 


1281424 


1450671968 


33-6462077 


10-4219458 


1182 


1133 


1283689 


1464419637 


33-6600658 


10-4260138 


1188 


1184 


1286956 


1458274104 


88-6749165 


10-4280800 


1184 


1135 


1288226 


1462136876 


88'6897610 


10-4311448 


1185 


1136 


1290496 


1466003466 


83-7046991 


10-4342069 


ai36 


1137 


1292769 


1469878363 


83-7194306 


10-4372677 


1187 


1138 


1296044 


1478760072 


33-7842666 


10-4403267 


1138 


1139 


1297321 


1477648619- 


83-7490741 


10-4433839 


1189 


1140 


1299600 


1481544000 


88-7638860 


10-4464393 


1140 


1141 


130188fl 


1485446221 


83-7786916 


10-4494929 


1141 


1142 


1304164 


1489365288 


33 -7984906 


10-4526448 


1142 


1143 


1306449 


1493271207 


83^8082880 


10-4555948 


1143 


1144 


1308736 


1497193984 


83-8230691 


10-4586431 


1144 


1145 


1311025 


1601123625 


38-8378486 


10-4616896 


1145 


1146 


1313316 


1605060186 


33-8526218 


10-4647343 


1146 


1147 


1315609 


1509003523 


33-8678884 


10-4677773 


1147 


1148 


1317904 


1612963792 


38-8821487 


10-4708185 


1148 


1149 


1320201 


1616910949 


83-8969025 


10-4738579 


1149 


1150 


1322500 


1620875000 


88-9116499 


10-4768956 


1160 


1161 


1324801 


1524846961 


33-9263909 


10'4799314 


1151 


1152 


1327104 


1628823808 


33-9411256 


10-4829656 


1162 


1153 


1329409 


1532808677 


83-9558537 


10-4859980 


1163 


1154 


1331716 


1536800264 


33-9705765 


10-4890286 


1154 


1165 


1334025 


1640798875 


83-9862910 


10-4920675 


1155 


1156 


1336336 


1544804416 


34-0000009 


10-4950847 


1156 


1167 


1338649 


1548816893 


34-0147027 


10-4981101 


1157 


1168 


1340964 


1652836312 


34-0298990 


10-5011381 


1158 


1169 


I34a281 


1656862679 


34-0440890 


10-5041656 


1159 


1160 


1345600 


1560896000 


840687727 


10-5071767 


1160 
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N-UDbor 


8,™«. 


CibL 


B,^R«U 


CabgRoot. 


K.mb». 


llfil 


1347921 


1684936281 


34-0784a01 


10-5101942 


1181 


1162 


1350244 


1568983628 


84'08812n 


10-8132109 


1162 


11«3 


1652669 


157308774T 


84'1027858 


10-6162259 


1163 


1164 


1S54B96 


1577098944 


84'1 174442 


10 -6192391 


1164 


1165 


1357225 


1581107125 


84-1320963 


10-5222508 


1165 


1166 


1859356 


1686242200 


84-1407422 


10-5252004 


1166 


1167 


1361889 


1589324463 


84-16I3817, 


10-5282685 


1187 


1168 


1SQ4224 


1593413032 


84-1700150 


10-6312749 


1168 


1169 


1366561 


1597509809 


34-1000420 


10-6342796 


1169 


1170 


1368900 


1601618000 


84-2052027 


10-5372825 


1170 


1171 


1371241 


1605723211 


34-2198773 


10-5402887 


1171 


1172 


1873684 


1609840448 


34-2344855 


10-5432832 


1172 


1173 


1B75929 


1618964717 


34-2490875 


10-6462810 


1173 


1174 


1378276 


1618096024 


34-2636884 


10-6492771 


1174 


1175 


1380625 


16222343T5 


34-2782730 


10-6522715 


1176 


1176 


1382976 


1626379776 


34-2928664 


10-6552642 


1176 


1177 


1385329 


1630532233 


34-3074336 


10-5582552 


1177 


1178 


1387684 


1634691752 


34'3220046 


10-6612445 


1178 


1179 


1390041 




34-8366694 


10-5642322 


1170 


1180 


1892400 


1643032000 


34-8511281 


10-6672181 


1180 


1181 


1394761 


1847212741 


34-3053805 


10-5702024 


1181 


1182 


1397124 


XU51400568 




10-6731849 


1182 


1183 


1899489 


1655595487 


84 -3947670 


10-5761058 


1183 


1184 


1401856 


1659797604 


34-4093011 


10-5791449 


1184 


11B5 


1404225 


1664006625 


31-4238289 


10-6821225 


1185 


1180 


1406696 


1668222856 


34-4383607 


10-5850983 


1186 


1187 


1408969 


1672446203 


34-4528603 


10-6880725 


1187 


1188 


1411344 


1676676672 


84-4673750 


10-5910450 


1188 


1189 


141372! 


1680914269 


34-4818793 


10-5940158 


1189 


1190 


1410100 


1085159000 


34-4963766 


10-5999850 


1190 


1191 


14I848I 


16894I087I 


34-5103678 


10-5999525 


1191 


1192 


1420864 


1693669888 


34-52535S0 


10-6029184 


1192 


1193 


1423249 


1607036057 


34-639832] 




1193 


1194 


1425636 


1702209384 


84-6548051 


10-6088451 


1194 


1195 


1428025 


1700489875 


84-5687720 


lO-Cl 18060 


1195 


1196 


143041G 


1710777586 


34-6832829 


10-6147952 


1196 


1197 


1432809 


1715072373 


34-6976870 


10-6177228 


1197 


1198 


1436204 


1717374392 


34-6121366 


10-6206788 


1199 


1199 


1437601 


1728683599 


34-6265794 


10-6236331 


1199 


1200 


1440000 


)72800O00O 


34'64I01ft2 


10-6265857 


1200 
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To find the square of a greater number than is con- 
tained in the table. 

Rule 1. — If the number required to be squared 
exceed, by 2, 3, 4, or any other number of times, any 
number contained in the table, let the square affixed 
to the number in the table be multiplied by the square 
of 2, 3, or 4, &c.,»and the product will be the answer 
sought. 

Example. — Required the square of 2595. 

2595 is three times greater than 865 ; and the 
square of 865, as per table, is 748225. 

Then, 748225 x 3^ = 6734025, Ans. 

Rule 2. — If the number required to be squared 
be an odd number, and do not exceed twice the 
amount of any number contained in the table, find 
the two numbers nearest to each other, which, added 
together, make that sum; then, the sum of the 
squares of these two numbers, as per table, multi- 
plied by 2, will exceed the square required by 1. 

Example. — ^Required the square of 1865. 

The two nearest numbers (932 + 933) = 1865. 
Then, per table (9322=:868624)+(9332=870489) 
« 1739113 X 2 == 3478226 - 1 = 3478225, Ans. 

To find the cube of a greater number than is contained 

in the table. 

Rule. — ^Proceed, as in squares, to find how many 
times the number required to be cubed exceeds the 
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number contained in the table. Multiply the cube 
of that number by the cube of as many times as the 
number sought exceeds the number in the table, and 
the product will be the answer required. 

Example. — Required the cube of 3984. 

3984 is 4 times greater than 996 ; and the cube 
of 996, as per table, is 988047936.' 

Then 988047936 x 4^ = 63235067904, Ans. 

To find the square or cube root of a higher number 

than is in the table. 

Rule. — ^Refer to the table, and seek in the column 
of squares or cubes, the number nearest to that 
number whose root is sought, and the number from 
which that square or cube is derived will be the 
answer required, .when decimals are not of im- 
portance. 

Example. — Required the square root of 542869. 

In the table of squares, the nearest number is 
543169 ; and the number from which that square 
has been obtained is 737. 

Therefore, x/ 542869 = 737 nearly, JVns. 

To find more nearly the cube root of a higher number 

than is in the table. 

Rule. — Ascertain, by the table, the nearest cube 
number to the number given, and call it the assumed 
cube. 

Multiply the j^sumed cube and the given number, 
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respectively, by 2 ; to the product of the assumed 
cube add the given number, and to the product of 
the given number add the assumed cube. 

Then, by proportion, as the sum of the assumed 
cube is to the sum of the given number, so is the 
root of the assumed cube to the root of the given 
number. 

Example. — Required the cube root of 412568555. 

Per table, the nearest number is 411830784 ; and 
its cube root is 744. 

Therefore, 411830784 X 2 + 412568555 = 
1236230123. 

And, 412568555 x2+ 411830784 = 1236967894. 

Hence, as 1236230123 : 1236967894 : : 744 : 
744-369, very nearly, Ans. 

To find the square or cube root of a number contain- 
ing decimals. , 

Subtract the square root or cube root of the integer 
of the given number from the root of the next higher 
number, and multiply the difference by the decimal 
part. The product, added to the root of the integer 
of the given number, will be the answer required. 

. ExAMPLE.-^Required the square root of 321-62. 

-• 321 = 17-9164729, and x/ 322 = 17-9443584 ; 
the difference (-0278855) x -62 + 17-9164729 = 
17-9887619, Ans. 
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THE COXIC SECTIONS. 

The plane figures formed by the cntting of a cone 
by a plane, are five in number, viz : The Triangle, 
the Cirde, the EUipee, the Hyperbola^ and the Para- 
bola. The methods of finding their linear and snper- 
ficud admeasurement have been already described ; 
the several directions in which the section of the 
cone* is to be made, in order to produce them, are as 
follows : — 

The Triangle is formed by cutting the cone 
through the vertex and any part of the base. 

The Circle^ by cutting the cone through the sides, 
parallel to the base. 

The ElUpsey by a cut passing obliquely, or at an 
angle with the base, through both sides of the cone. 

The Hyperbola^ by cutting through one side and 
the base parallel to the axis, or at a greater angle 
with the base than that made by the opposite side. 

The opposite Hyperbola III formed by continuing 
the cutting plane through an opposite and equal 
cone, produced by continuing- the sides of the first 
cone through its vertex. • 

The Parabola^ by cutting through one side and 
the ba^e of the cone in a directioif parallel to the 
opposite side, or making an equal angle^^vAlh the 
base. 
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The Ellipse has two vertices, being the points in 
the curve at the extremities of the longest diameter; 
the Hyperbola has one vertex, or^ rather, the oppo- 
site Hyperbolas one each ; the Parabola has one 
only. 

The Transverse Axis is the line uniting the two 
vertices. 

The Conjugate Axis is a line drawn through the 
centre of the transverse axis, and at right angles 
to it. 

A Diameter is a right line drawn through the 
centre, in any direction, and terminated at each end 
by the curve. 

A Conjugate Diameter is a line drawn through 
the centre of any diameter, parallel to the tangent 
of the curve at the extremity of such diameter. 

An Ordinate to a Diameter is a line between the 
diameter and the curve, parallel to its conjugate. 

The part of the diameter cut off by an ordinate 
and terminated by its vertex, is called the Abscissa. 

The Parameter, or latua rectum^ is a line drawn 
through the focus, at right angles to the transverse 
axis, and terminated by the curve. The parameter 
of a diameter, in the ellipse and hyperbola, is a 
third proportional to the diameter and its conjugate ; 
in the parabola, it is a third proportional to one 
abscissii and its ordinate. 

The Foots is that point in the transverse axis 
where the ordinate is equal to half the parameter. 
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By the foregoing proportions, therefore, the focus 
of either curve may be found. 

The Ellipse has two foci; as have likewise the 
opposite Hyperbolas; but the Parabola has one 
only. The Ellipse has its several parts lying within 
the circumference of the curve ; the axis and centre 
of the Hyperbola lie on the outside, in consequence 
of the axis being drawn between the vertices of the 
two opposite Hyperbolas. The axis of the Para- 
bola is of infinite length, because the axis can only 
touch one point or vertex in the curve. 
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OF FOUR-SIDED FIGURES. 




To find the area of a four-sided fi^urey whether it he 
a square^ fig. 1, a parallelogram^ fig. 2, a rhombuSy 
fig. 3, or a rhomboid^ fig. 4. 

Rule. — Multiply the length, a J, ot c (2, by the 
breadth or perpendicular .height ; the product will 
be the area. 



*^ * '■■• ""— *■ fi^^^-l*^- .Jll.m..^: - * ■ •^*=*' _. 
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OF TRIANGLES. 




To find the area of a triangle^ whether it he isosceleB^ 
fi^. 5, scaleney fig. 6, or right-angled^ fig, 7. 

Rule. — Multiply the length, a 6, of one of the 
sides, by the perpendicular, c d, falling upon it ; half 
the product will be the area. 

To find the length of one side of a right-angled tri- 
angUy when the lengths of the other two sides are 
given. 

Rule 1. — To find the hypothenuse^ a c, fig. 7, 
add together the squares of the two legs, a h and h c, 
and extract the square root of that sum. 

Rule 2.*-r2fc find one of the legs, subtract the 
square of the leg, of which the length is known, 
from the square of the hypothenuse, and the square 
root of the difference will be the answer. 

OF REGULAR POLYGONS. 

To find the Area of a regular Polygon. 

Bulb. — ^Multiply the length of a perpendicular, 
drawn from the cejatre to one of the sides (or the 



i".^-. 
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radios of its inscribed circle) by the length of one 
side, and this product again by the number of 
sides ; and half the product will be the area of the 
polygon. 

[For a table of the areas of regular polygons, see 
pages 67, 68.] 

OF TRAPEZIUMS AND TRAPEZOIDS. 

Fig. 9. 





V 




d dp c 

To find the Area of a Trapezium^ fig. 8. 

Rule 1. — Draw a diagonal line, a c, to divide the 
trapezium into two triangles ; find the areas of these 
triangles separately, and add them together. 

Rule 2. — Divide the trapezium into two tri- 
angles, bythe diagonal a c, and let two perpendicu- 
lars, b fy and d e^ fall on the diagonal from the 
opposite angles ; then, the sum of these perpendicu- 
lars multiplied by the diagonal, and divided by 2, 
will be the area of the trapezium. 

To find the Area of a Trapezoid^ fig, 9. 

Rule 1. — ^Multiply the sum of the. two parallel 
sides, aby d Cj by a p, the perpendicular distance 
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between them, and half the product will be the 
area. 

BuLE 2. — ^Draw a diagonal, a c, to divide the tra- 
pezoid into two triangles ; find the areas of those 
triangles separately, and add them together. 



OF IRREGULAR FIGURES. 



Fig. 11. 




To find the Area of an Irregular Polygon^ 

aic d efgy fi^. 10. 

Rule. — Draw diagonals to divide the figure into 
trapeziums abd triangles; find the area of each 
separately, by either of the rules before given for 
that purpose ; and the sum of the whole will be the 
area of the figure. 

To find the Area of a Long Irregular Figure^ 

dc ahy fig, 11. 

Rule. — Take the breadth in several places, and 
at equal distances from each other; add all the 
breadths together, and divide the sum by this num- 
ber, for the mean breadth; then multiply the mean 
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breadth by the length of the figure, and the product 
will be the area. 



OF CIRCLES. 



Fig. 12 



Fig. 14. 




To find the Circumference of a Circle when the Dia- 
meter is given; or the Diameter when the Circum- 
ference is given. 

Rule 1. — Multiply the diameter by 3'1416, and 
the product will be the circumference ; or divide the 
circumference by 3*1416, and the quotient will be 
the diameter. 

Rule 2. — As 7 is to 22, so is the diameter to the 
circumference. As 22 is to 7, so is the xsircumfer- 
ence to the diametdr. 

Rule 3. — As 113 is to 355, so is the diameter to 
the circumference* As 355 is to 113, so is the cir- 
cumference to the diameter. 

To find the Area of a Circle. 

Rule 1. — Multiply the square of the • diameter 
by '7854; or the square of the circumference by 
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*07958 ; the product, in either case, will be the 
area. 

Rule 2. — Multiply the circumference by the dia- 
meter, and divide the product by 4. 

Rule 3. — As 14 is to 11, so is thQ square of the 
diameter to the area. Or, as 88 is to 7, so is the 
square of the circumference to the area. 

To find the length of any Arc of a Circle. 

Rule 1. — From 8 times the chord of half the 
arc, a Cy fig. 12, subtract the chord, a 5, of the whole 
arc ; one-third of the remainder will be the length 
of the arc, nearly. 

Rule 2. — 

As 180 is to the number of degrees in the arc ; 
So is 3*1416 times the radius to its length. 
Or, as 3 is to the number of degrees in the arc; 
So is '05236 times the radius its length. 

To find the Ar^a of a Sfictor of a Circle^ fig. 13. 

Rule 1. — Multiply the length of the arc, a dh, 
by half the length of the radius, a c ; the product 
will be the area. 

Rule 2. — As 360 degrees is to the number of 
degrees in the arc of the sector ; so is the area of 
the circle to the area of the sector. 

To find the Area.of a Segment of a CircUj fig. 12. 
Rule 1. — To the chord, a hy of the whole arc 

10 
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add the chord, a c^ of half the arc and one-third of 
it more. Then multiply the sum by the versed 
Bine, oif height of the segment c d^ and four-tenths 
of the product will be the area of the segment. 

Bulb 2. — Divide the height, or versed sine, by 
the diameter of the circle, and find the quotient in 
the column of versed sines, at the end of Mensura- 
tion of Solids. 

Then take out the corresponding area in the next 
column on the right-band, and multiply it by the 
square of the diameter, for the answer. * 

To find the Area of a Circular Zonsj fi^. 14. 

Rule 1. — When the Zone is Ubb than a Semi- 
cireUj to the area of the trapezoid, ah c d^ add the 
area of the circular segments, a c and b d ; the sum 
is the area of the zone. 

Rule 2. — When the Zone is greater than a Semi- 
circle, to the area of the parallelogram, efgh, add 
the area of the circular segments, e k g and f I h; 
the sum is the area of the zone. 

To find the Area of a Circular Ring, or Space, in- 
cluded between two Concentric Circles. 

Rule. — ^Find the areas of the two circles sepa- 
rately; then the diflFerence between them will be 
the area of the ring. 
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OF ELLIPSES. 



Fig. 16. Fig. 16. Fig. 17. 




To find the Circumference of an Ellipse^ fig. 15. 

Rule. — Square the two axes, a h and c d^ and 
multiply the square root of half that sum by 
8'1416; the product will be the circumference 
nearly. 

To find the Area of an Ellipse, fig. 16. 

Rule. — Multiply the transverse diameter, a by 
by the conjugate c d, and the product by '7854. 

To find the Area of an Elh'ptie Segmentj fig. 16. 

Rule. — Divide the height of the segment, a p, 
by the axis a 5, of which it is a part, and find, in 
the table of circular segments at the end of Mensu- 
ration of Solids, a circular segment having the 
same versed sine as this quotient. Then, multiply 
the segment thus found and the two axes of the 
ellipse continually together, and the product will 
give the area required. 
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When the transversey a b, the conjugate^ c d, and 
the abscissssy a p and p b, are given, to find the 
ordinate, p q, fig, 17. 

Rule. — Multiply the abscissae into each othef, 
and extract the square root of the product; this 
will give the mean between them. Then, as the 
transverse diameter is to the conjugate diameter, so 
is the mean to the ordinate required. 

When the transverse, a b, the conjugate, c d, and 
the ordinate, p q, are given, to find the abscissa, 
fig. 17. 

• Rule, — From the square of half the conjugate, 
take the square of the ordinate, and extract the 
square root of the remainder. 

Then, as the conjugate diameter is to the trans- 
verse, so is that square root to half the difference 
of the two abscissae. 

Add this half difference to half the transverse, 
for the greater abscissa; and subtract it for the 
less. 

When the transverse, a b, the ordinate, p q, and the 
two abscissae, a p and p b, are given, to 'find the 
conjugate, c d. 

Rule. — As the square root of the product of the 
two abscissae is to the ordinate, so is the transverse 
diameter to the conjugate. 

Note. — In the same manner the transverse diame- 
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ter may be found from the conjugate, using the two 
abscisssB of the conjugate, and their ordinate per- 
pendicular to the conjugate. 

When the conjugaUy c d, ordinate^ p q, and ah- 
S(ns8»f a p and b p, are given^ to find the trans- 
verse diameter. 

Rule. — From the square of half the conjugate 
subtract the square of the ordinate, and extract the 
root of the remainder. Add this root to the half 
conjugate if the less abscissa be given ; but subtract 
it when the greater abscissa is given. 

Then, as the square of the ordinate is to the rec- 
tangle of the abscissa and conjugate, so is the re- 
served sum, or difference, to the transverse diame- 
ter. 

OF PARABOLAS. 



Fig. 19. 





e a 



f ^ 

To find the Area^ of a Parabola. 

Rule. — Multiply the base by the height, and 
two-thirds of the product will be the area. 

10* 
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To find the Area of a Frustum of a Paraholay 

fig. 19. 

Rule. — Multiply the difference of the cubes of 
the twe ends of the frustum, a c d fhj twice its 
altitude, h e^ and divide the product by thrice the 
difference of their squares. 

To find the Abscissa or Ordinate of a Parabola^ 

fig. 18. 

Rule. — The abscissae, v I and h e^ are to each 
other as the squares of their ordinates, a b and d e, 
that is, as any abscissa is to the square of its 
ordinate, so is any other abscissa to the square of 
its ordinate. 

Or, as the square- root of any abscissa is to its 
ordinate, so is the square root of another abscissa 
to its ordinate. 

To find the Length of a Parabolic CurvCj cut off by 
a DoMe Ordinate^ fig. 20. 

Rule. — To the square root of the ordinate, a 6, 
add I of the square of the abscissa, v b ; the square 
root of that sum, multiplied by 2, will give the 
length of the curve nearly. 
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OF HYPERBOLAS. 
Fig. 21. Fig. 22. 





f d e f 

To find the Area of a Hyperbola^ fig. 21. 

Rule. — To five-sevenths of the abscissa, v 6, add 
the transverse diameter, v e ; multiply the sum by 
the abscissa, and extract the square root of the pro- 
duct. Then' multiply the transverse diameter by 
the abscissa, and extract the square root of that 
product 

Then, to 21 times the first root add 4 times the 
second rocrt ; multiply the sum by double the pro- 
duct of the conjugate and abscissa, and divide by 
75 times the transverse; this will give the area 
nearly. 

To find the Length of a Hyperholic Carve^ fig, 22. 

Rule.— To 21 times the square of the conjugate, 
a by add 9 times the square of the transverse ; also, 
to 21 times the square of the conjugate add 19 
times the square of the transverse, and multiply 
each of these sums by the abscissa, v b. 

To each of the two products add 15 times the 
product of the transverse and square of the conju- 
gate. 



<»«.V>" :■•.-? * 



116 MSHSURATION OF SUBFACSS. 

Then, as the less sum is to the greater, so is the 
ordinate to the length of the curve nearly. 

When the transversey v e, the conjv^atej d f, and 
the abscisaosj v b and b e, are giveUy to find the 
ordinate y a b, fi^. 21. 

Rule. — As the transverse diameter is to the con- 
jugate, so is the square root of the product of the 
two abscissae to the ordinate required. 

Note, — In the hyperbola, the less abscissae added 
to the axis gives the greater ; and the greater ab- 
scissa subtracted from the axis gives the less. 

When the transverse and conjugate diameters^ and 
the ordinatej are givenj to find the abscissae. 

Rule. — To the square of half the conjugate add 
the square of the ordinate, and extract the square 
root of that sum. 

Then, as the conjugate diameter is to the trans- 
verse, so is the square root to half the sum of the 
abscissae. 

To this half sum add half the transverse diame- 
ter for the greater abscissa, and subtract it for the 
less. 

When the transverse diameter ^ ordinatej and ah- 
scissa^ are given^ to find the conjugate. 

Rule. — As the square root of the product of the 
two abscissae is to the ordinate, so is the transverse 
diameter to the conjugate. 
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When the conjugate diameter^ the ordinatey and the 
two absciaseey are given^ to find the transverse 
diameter. 

Rule. — To the s(juare of half the conjugate add 
the square of the ordinate, and extract the square 
root of that sum. 

To this root add the half conjugate when the less 
abscissa is used ; and subtract it when the greater 
abscissa is used ; reserving the sum or difference. 

Then, as the square of the ordinate is to the pro- 
duct of the abscissa and conjugate, so is the re- 
served sum or difference to the transverse. 



MENSURATION OF SOLIDS. 



OF CUBES AND PARALLELOPIPEDONS. 



Fig. 23. 



Fig. 24. 



. I. 




To find the Solidity of a Ouhe^ fig. 28. 

Rule. — Multiply the sid^ of the cube by itself, 
and that product again by the side ; the last pro- 
duct will be the solidity of the given cube. 



.., w;<-i*.-..:. i.iiv. 
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To find the Solidity of a Parallelopipedon, fig. 24. 
BuLS. — Multiply the length, hreadth, and depth 
or sltitude, continuaUy together, or, in other words, 
mnltiply the length, a i, by t^e breadth, a c, and 
that product by the depth or altitude, c d ; this will 
give the required solidity. 



OF CtLIMDERS AND PRISMS. 



Fig. 25. Elg. 2a. 



bd[/ 



To find the Solidity of Oylindera and Prisms. 
Rule. — Multiply the area of the base by the 
height of the cylinder or prism, and the product 
will give the solid content. 

To find the Convex Surface of a Cylinder. 
RtJLB. — Multiply the circumference by the length 
of the cylinder ; the product will be the convex sur- 
face required. 
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OF CONEa AMD PTRAHIDB. 

Kg. 27. Fig. 28. Fig. 29. 




To fijid the Convex Surface of a Right Gone, or 

Pyramid, fg. 27. 

RuLli. — Mnltipl; the perimeter, or circumference 

of the b&se, by the elant height, or length of the 

Bide of the cone, and half, the product will be the 

surface. 

To find the Convex Surface of a Frustum of a 
Right Cone, or Pyramid, jig. 28, 

Rdle. — Multiply the sum of the perimenterg of 
the two ends by the slant height or side of the fruB- 
tnm, and half the product will be the surface re- 
quired. 

To find the solidity of a Cone, or Pyramid, figs. 27 

and 29. 

Rule. — Multiply the area of the baao by the 

height, df and ooe-third of the product will be 

the content. 
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To find the Solidity of the Frustum of a Coney 

fig. 28. 

Rule.— Divide the difference of the cubes of the 
diameters of the two ends by the difference of the 
diameters ; this quotient, multiplied bj *7854 and 
again by one-third for the height, will give the so- 
lidity. 

To find the Solidity of the Frustum of a Pyramid^ 

fig. 30. 

Rule. — ^Add to the arei^s of the two ends of the 
frustum the square root of their product, and this 
sum, multiplied by one-third of the hei^^t, will give 
the solidity. 

OF WEDGES i^D PRISMOIDS. 
Fig. 31. Fig. 32. 




To find the Solidity of a Wedge^ Jig. 31. 

Rule. — To the length of the edge of the wedge 
add twice the length of the back; multiply this 
sum by the height off the wedge, and then by the 
breadth of the back ; one-sixth of the product will 
be the solid content. 
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To find the Solidity of a Privmaidj fig. 82. 

Rule. — ^Add into one Bum the areas of the two 
ends and four times the middle section, parallel to 
them ; then, this sum multiplied by one-sixth of the 
height, will give the content. 

Note. — The length of the middle section is equal 
to half the sum of the lengths of the two ends ; and 
its breadth is equal to half the sum of the breadths 
of the two ends. 



llg.83. 



OF 8PHEBBS. 



Fig. 84. 



Fig. 85. 
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To find the Convex Surface of a Sphere, or Q-lohe, 

fig. 83. 

Rule. — ^Multiply the diameter of the sphere by 
its eirimtafereiice. 

Or, multiply 8*1416 by the square of the diame- 
ter; the product will be the convez surface re- 
quired. 

Note. — The convex surface of any zone or seg- 
ment may be found, in like manner, by multiplying 

its h^ght by the whole ciroumfereno# of the sphere. 

11 
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To find the SoUdUy njf a Sphere^ or CHobe^ fig. 33. 

RuLB. — Multiplj the eabe of the axis bj '5236 ; 
the product will be the solidity. 

To find the Solidity of a Spherical Segment^ fig. 34. 

Bulk. — ^To three times the square of the radius 
of its base add the square of its height; then, mul- 
tiply the sum by the height, and the product by 
•6286. 

To fiind the Solidity of a Sphericcd Zone or Frus- 

tumy fig. 35. 

Rule. — To the sum of the squares of the radius 
of each end add one-third of the square of the 
height of the zone; this sum, multiplied by the 
said height, and the product by 1*5708, will give 
the solidity. 

OF SPHEROIDS. 

To find the Solidity of a Spheroid, fig. 36. 

RuL9. — Multiply the square of the reyolying 
axis, c df by the fixed axis, a b ; the product, mul* 
tiplied by '5236, will give the content. 

To find the Solidity of the Segment of a Spheroid^ 

figs. 37 and 38. 

RuLK — When Hie laee^ ei^ie eiretUar or pqaraJr 
lei to the rmfohing axisj c d, fig. 87, multiply the 
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Fig. 87. 

I \ « \ 

' \ » \ 

-»- -i !ft 

lO'l I i 

•7 1 

e — ■»- — / 




fixed axis, a b^ by 8, the height of the segment, a g^ 
by 2, and sabtract the one product from the other ; 
then multiply the remainder by the square of the 
height of the segment, and the product by '5236. 

Then, as the square of the fixed axis is to the 
square of .the revolving axis, so is the last product 
to the content of the segment. 

Rule, — When the bascy e f , w perpendicular to 
the revolving azisj c d, fy. 88, multiply the revolv- 
ing axis by 8, and the height of the segment, c g^ 
by 2, and subtract the one from the other ; then, 
multiply the remainder by the square of the height 
of the segment, and the product by -5286. 

Then, as the revolving axis is to the fixed axis, 
80 is the last product to the content. 

To find the Solidity of the Middle FruHum of a 
Spherddy figs. 89 and 40; 

iEluu. — When the end$y e f and g b, are dreih 
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laTj or parallel to the revolving axisj c d, fig. 89, to 
twice the square of the revolving axis, c dy add the 
square of the diameter of either end, e f, or g h; 
then multiply this sum bj the length, a by of the 
frustum, and the product again bj *2618 ; this will 
give the solidity. * 

Rule. — When the endsj e f and g h, are elliptic 
calf or perpendicular to the revolving axis^ 1 k, fig. 
40, to twice the product of the^ transverse and con- 
jugate diameters of the middle section, a (, add the 
product of the transverse and conjugate of either 
end ; multiply this sum by the length, I Ar, of the 
frustum, and the product by *2618 ; this will give 
the solidity. 

OF CIRCULAR SPHSTDLBS. 



Fig. 41. 
a 
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Fig. 42. 
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To find the Surface of a Circular Spindhy fig. 41. 

Rule. — ^Multiply the length, a b, of the spindle 
by the radius, o Cj of the revolving arc. Multiply 
also the said arc, a e (, by the central distance, o e, 
or distance between the centre of i)ie spindle and 
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centre of the revolving arc. Subtract this last pro- 
duct from the former ; double the remainder ; mul- 
tiply it by 34416, and the product will give the 
surface of the spindle. 

Note. — The same rule will serve for any segment, 
or zone, cut off perpendicularly to the chord of the 
revolving arc; but, in this case, the particular 
length of the part, and the part of the arc which 
describes it, must be used, instead of the whole 
length and whole arc. 

To find the Solidity of a Circular Spindle^ fig. 41. 

Bulb. — ^Multiply the central distance, o 6, by 
half -the area of the revolving segment, a c b e a. 
Subtract the product from one-third of the cube, 
a ey of half the length of the spindle. Then, mul* 
tiply the remainder by 12'5664, or 4 times 3'1416, 
and the product will be the solidity required. 

To find the Solidity of the Frustum^ or Zone^ of a 

Circular Spindle, fi^. 42. 

Rule. — ^From the square of half the length, h t, 
of the whole spindle, take one-third of the square 
of half the length, n t, of the frustum, and multiply 
the remainder by the said half-length of the frus- 
tum. Multiply the central distance, o i, by the re- 
volving area, which generates the frustum. Sub- 
tract the last product from the former; and the re* 

11* 
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znainder, multiplied by 6*2882, or twice 8*1416, 
will give the content. 

OF ELLIPTIC SPINDLES. 
Fig. 48. - Fig. 44. 



To find the Solidity of an Elliptic Spindle, fi^g. 43, 

Rule. — To the square of the greatest diameter 
add the square of twice the diameter at one-fourth 
of its length ; multiply the sum by the length, and 
the product by '1309, and it will give the solidity 
very nearly. 

To find the Solidity of a FruBtum or Segment of 
an Elliptic Spindle, fig. 44. 

Rule. — Proceed, as in the last rule, for this, or 
any other solid, formed by the revolution of a conic 
section about an axis ; namely. 

Add together, the squares of the greatest and 
least diameters, and the square of double the diame- 
ter in the middle between t^e two; multiply the 
sum by the length, and the product by 4309, and 
it will give the solidity. 

Note, — ^For all such solids, this rule is exact 
when the body is formed by the conic section, or a 
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part of. it revolying about the axis of* the section; 
and will always be very near the truth when the 
figure revolves about another line. 

OF PARABOLIC CONOIDS AND SPINDLES. 



Fig. 45. 

a J- — r-f — ^ o 



Fig; 46. 



Fig. 47. 




To find the Solidity of a Parabolic Conoid. 

Rule. — Multiply the square of the diameter of 
the base by the altitude, and the product by *3927. 

To find the Solidity of a Frustum vf a Paroboloid^ 

fig. 45. 

Rule. — Multiply the sum of the squares of the 
diameters of the two ends, a b and d c, by the 
height of the frustum, e f and the product by 
•8927. 

To find the Soliditf^of a Parabolic SpindUy jig. 46. 

Rule. — Multiply the square of the middle diame- 
ter by the length of the spindle, and the product by 
•41888, (which is eight-fifteenths of -7854,) and it 
will give the content. 
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To find the Solidity of the Middle Frustum of a 
Parabolic Spindle^ fig. 47. 

Rule. — Add together 8 times the square of the 
greatest diameter, e dy Z times the square of the 
least diameter, g A, and 4 times the product of 
these two diameters ; multiply the sum by the 
length, a 6, and the product by *05236, (which is 
^ of 3*1416 ;) this will give the solidity. 

OF CYLINDRICAL RINGS. 
Fig. 48. 




To find the Convex Surface of a OyUridrical Ring. 

Rule. — To the thickness of the ring, a &, add 
the inner diameter, h c ; multiply this sum by the 
thickness, and the product by ^8696, (which is the 
square of 3*14159,) and it will give the superficies 
required. 

To find the Solidity of a Cylindrical Ring. 

Rule. — To the thickness of the ring add the 
inner diameter ; then multiply the sum by the 
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square of the thickness, and the product by 2*4674, 
(which is one-fourth of the square of 3*1416,) and 
it will give the solidity. 

To find the superficies or solidity of any regular 

body. 

RuLB 1. — Multiply the tabular area by the 
square of the linear edge, and the product will be 
the superficies. 

Rule 2. — Multiply the tabular solidity by the 
cube of the linear edge, and' the product will be the 
solidity. 

Surfaces and Solidities of (he Regular Bodies^ when the linear 

edge is 1. 



No. of Sidot. 


Names. 


SdriSMM. 


Boliditfoi. 


4 

6 

8 

12 

20 


Tetrahedron 

Hexahedron 

Octahedron 

DodecahedrofL 

loosahedron 


1*73206 
6OOOQ0 
8*46410 
20-64673 
8*66026 


0-11786 
100000 
0-47140 
7-66312 
2*18169 
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Tabu offht Weight of Cast-iron Plpet, in Lmgtht, 



la. 


• 
In. 


1 

Ft. 


Wdght. 


1 

In. 


la. 


lb 

J 


WtiglA 


Inch. 


A 


3 


Wdfht 


C V. lb. 


Ft 


C.qr. lb. 


la. 


FL 


Cqr. lb. 


1 




3* 


12 


6i 




9 


2 16 


lU 




9 


5 7 






3* 


21 






9 


2 3 20 






9 


6 1 12 


li 




4i 


21 






9 


3 2 21 






9 


7 2 8 






4* 


1 4 






9 


4 1 21 






9 


10 1 2 


2 


1 • 


6 


1 8 






9 


6 14 


12 




9 


5 24 








2 


7 




9 


3 7 






9 


6 2 8 


2i 






1 16 




**. « 


3 3 20 






9 


7 8 20 








2 10 




I 9 


4 3 5 






9 


10 3 








3 10 




1 9 


6 2 4 


12i 




9 


5 1 16 


3 






2 20 


^i 


i 9 


3 16 






9 


6 3 9 


^^ 






10 
1 1 12 
13 6 




i 9 


4 22 






9 


8 10 








! \ 


5 10 
7 


13. 




9 
9 


11 21 
5 2 20 








2 10 


8 




9 


3 2 4 






9 


7 14 


3i 






3 






9 


4 1 25 






9 


8 2 7 








1 21 






9 


5 1 18 






9 


11 2 12 








1 2 14 






9 


7 1 16 


13^ 




9 


5 3 7 








2 8 


8i 




9 


3 3 2 






9 


7 1 12 








2 2 






9 


4 2 26 






9 


8 3 16 


4 






1 1 10 
1 3 12 






9 
9 


5 2 22 
7 3 8 


14 




9 
9 


11 3 24 
6 4 








2 1 12 


9 




9 


4 






9 


7 2 16 








2 3 21 




• • 


9 


5 4 






9 


9 10 


4i 






12 2 






9 


6 2 






9 


12 1 14 








2 4 






9 


8 26 


14i 




9 


6^0 24 








2 2 14 


9^ 




9 


4 18 






9 


7 3 14 








3 21 






9 


5 10 




• ^9' 


9 


9 2 2 


5 






1 2 22 

2 1 10 


< 




9 
9 


6 16 
8 2 20 


15 




9 
9 


12 3 6 
6 1 21 








2 3 17 


10 




9 


4 1 10 






9 


9 3 7 








3 1 24 






9 


5 1 26 






9 


13 26 


5i 






1 3 10 


I 




9 


6 2 14 




li 


9 


16 3 5 








2 2 






9 


9 8 


16J 




9 


6 2 14 




> ^K 




3 18 


10* 




9 


4 2 14 






9 


10 0. 10 








8 8 7 






9 


5 3 7 






9 


13 2 17 








5 12 






9 


7 




li 


9 


17 1 6 


e 






2 






9 


9 2 


16 




9 


7 22 








2 2 21 


11 




9 


4 3 14 






9 


10 1 20 








3 1 17 






9 


6-0 11 






9 


14 8 






9 


4 16 






9 


7 17 




11 


9 


17 3 14 






9 


5 2 20 






9 


9 3 20 


1 


li 


9 


21 3 4 
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itor,<.I»,. I 




W.1^ 


iM^M.,1 iriiu. 


t»^. 


W.lBht, 




,-,. - 


Tu,rt, 


IM**. 


fuuuta- 


i«i«. 


P«wU. 






0-21 




0-18 


1 


0-26 






0-47 




0-37 


n 


0-41 






0-M 




0-G6 


H 


0-69 






1-M 




1-03 


n 


0-82 






1-SO 




1-48 


2* 


1-05 






2-67 




2-02 


2 


1-34 


1 


S-M 




2-6S 


2 


1-65 


1 




4-2G 




.8-33 


2 


2-01 


1 




6-15 




4<I2 


3 


2-37 


1 




G'35 




4-93 




2-79 


1 




7-66 




6-93 


8-24 


1 




B-87 




6-96 




8-69 


1 




10-29 




e-08 


4 


4-23 


1 




11-81 




9-27 


41 


5-35 


« 


lS-44 




10-66 


6 


6-61 


3 


17-01 




18-85 


e) 


7-99 


9 


21-00 




16-48 


6 


9-61 


a 


^6^l 




19-95 


6] 


11-18 


s 


SO-34 




23-73 


7 


12-96 


s) 


41-16 


H 


27-85 


71 


14-78 


4 


68-76 


H 


S3-S2 


8 


16-92 


*i 


6804 


s\ 


37-09 


8j 


19-21 


tt 


S4 0a 




42-21 


9 


21-63 


« 


120-06 


4} 


63-41 


10 


28-43 


7 


164-44 


e' 


66-83 


K 


81-99 



ICSl^^^ Cat-Iron PMu, pet Mtper/UUa Jbet, from o 
eiffXA qfan mcA lo otu inch tkidi. 



4 1S( B lOf 14 I 



KlHk. NiHk. Xlmtk. »lMk. llHk. 
19 61 24 1) 39 88 18( S8 10| 



WEIGHT OF MATERIALS. 



188 



Ibble of the Bore and Weight of Cocks. 



Content of 
Copper. , 


Sore of 
Cock. 


■Weight of 
Cook. 


Content of' 
Copper. 


Bore of 
Cook. 


Weight of 
Cook. 


6«lIonf. 

80 

60 

80 

120 

160 


ladiei. 

^ 

If 
2 

^\ 
2\ 


Ponnds. 

7 

8 
12 
19 
26 


Oftllona. 

200 
260 
840 
420 

430 md 
upwards. 


laehei. 

1* 

^ 

8| 


Povndfl. 
80 
84 
44 
66 
70 



Three-fourths of the diameter of the bore, taken at the hinder 
party will give the diameter of the cock at the mouth. 



T^atU of (he Dimensions and Weight of Coppers, from 1 1o 
208 gaXls. The Dimensions taken from lag to brim. 



Inehe% 
lag to 
brim. 

14 

16^ 

16t 

i?;. 

is; 

19; 

50- 

21 

21} 

22 

22} 

28} 



a«lloni. 

1 

2 

8 

4 

6 

6 

7 

8 

9 
10 
11 
12 
18 
14 



W( 



inlSii. 



5* 
f 

K)} 

12 

18} 

16 

16} 

18 

19} 

21 



Inehef, 
Ugto 
bnm. 



24 

24} 

26 

26} 

26 

26} 

26} 

27 

27^ 

27; 

27} 

28 

28} 

29 



GkJlonf. 



16 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
26 
27 
28 



Weight 
inlu. 



22} 

24 

26} 

27 

28} 

80 

81} 

88 

84} 

86 

87} 

89. 

40} 

42 



Inehe^ 
lag to 
bnm. 



29} 

80 
82 
84 
86 
86 
87 
88 
89 
40 
46 
60 
66 



Gallons. 



29 

80 

86 

48 

48 

•68 

68 

68 

67 

71 

104 

146 

208 



Weight 
inlba. 



12 



J I 
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Ikble of the Weight of Lead, per euperficial foot, from one- 
sixteetiih of an inch to one inch thick. 



TUek- 


Weiffht. 


Thlck- 


* 

Weight 


TWek- 

BM*. 


Weight. 


Thiek- 
neit. 


Weight 


iBAh. 


llw. 


ineh. 


Dm. 


iaek. 


lbs. 


iBeh. 


lbs. 


l-16th 


8f 


l-8th 


7J 


l-4t]l 


14f 


8-4tllS 


44J 


l-12th 


6 


i-etk 


10 


l-8d 


19} 


linch 


69 


1-lOth 


6 


l-5th 


12 


1-half 

1 


29} 







Weight of Lead Pipe of the tisual thickneseeSf per foot in 

length, 

^incli bore 1 lb. 1 oz. 



i 

1 

n 

2 

^ 



1 lb. 8 oz. — 1 lb. 12 oz. — 2 lbs. 

2 lbs. — 2 lbs. 11 oz. ^ 2 lbs. 14 oz. 
8 lbs. — 8 lbs. 11 oz. — 4 lbs. 7 oz. 
4 lbs. — 4 lbs. 11 oz. -T- 6 lbs. 9 oz. 
51b8. 9^oz. — 7 lbs. — 8 lbs. 6oz. 
7 lbs. — 8 lbs. 9 oz. — 10 lbs. 



Weight of Copper Tubing of the usual thickness. 

When the inside diameter is | of an inch, 8 ounces ; f of an 
inch* 6 ounces ; } of an inch, 6 ounces ; { of an inch, 8 ounces ; 
and f of an inch, 10 ounces per foot. 



Tabu of (he Weight ofUdolt, WooAt, Slojta, Earths, etc. 



•HS- 


":if"f« 


.T.hfJ'Lfh 


in Vo«ui,' 




fl,e2j 


4U'0 


0-238 


4MG 


809-1 


0-182 


4,064 . 


254-0 


0-147 


4,388 


273-0 




4,440 


277-6 


0-161 




614-0 


0-355 




C14-0 


0-365 




273-3 


0-159 


7,824 


489-0 


0-288 


8,390 


624-8 


0-303 


8,544 


584-0 




8,788 


540-2 


0-317 


8,878 


654-g 


0-320 




265-5 


0-148 


6,462 


840-8 


0-302 


4.500 


281-2 


0-163 






0-163 


4,800 


266-8 


0-160 


3,400 


212-6 


0-123 


4,200 


262-6 


0-162 


8,950 


247-0 


0-143 


8,231 


202-0 


0-117 


3,300 


20S-2 


0-120 


19,258 




0-B97 


19,362 


1210-1 


0-701 


17,480 


1098-0 


0-633 


15,683 


B74-4 


0-564 


15,709 


982-0 


0-568 


15,775 


98S-0 


0-570 


7,207 




0-260 




4S6-8 


0-281 


4,702 


294-0 


0-170 




298-6 


0-178 


4,880 • 


302-0 


0-176 


4,682 


292-6 


0-170 


4,789 


299-4 


0-178 


6,218 


326-1 


0-189 


6,070 


817-0 











. ft metallic state, 

" gi^aa or'.ZZ.'.'.'.Z 

" sulphur of. 

*' ore, graj iinil foliBted 

" " radiated 

Bismnt}!, cast 

■■ ore, in piumGB ... 

Brasa, Odtumoa oast 

" cost, not Ijarainered 

Copper, oast 

" pyrites 

" ore, ComiBli 

II 'I B~J 

" " blue 

" " priamBUo 

" " foliated, florid-rod 

" " ridiatad, 

" " emorald. 

Qold, pure, coat 

■■ the same, bami 
" 22 oarats, fine, standard 
" the same, liammered.... 
" 20 cnrata, fine, trinket.. 
" the same, hammered.... 
Iron, east. 

" p^teB, cnbic 

" " radiated 

" " dodeeahedral... 

" " from Preyburg. 

" " from Cornwall. 

" ore, speoolar 

" " mioaoeoiu 



irilGHT OF MATB&IAL8. 



" homed 

" renifotm. 

" bl» 

<• bUck 

" irUle .'.!!! 

" rad or red-lMtd Bpu 

" jaltoir, molybde- \ 

ntXed / 

HeroiiT7, solid, 40 <l«g. below 1 

0» Fftluf / 

at S2 dBg. of heat ... 

mteOdeg. 

•t212deg 

NiokeliOMt 

ore, called Eupper- \ 
niokel, of Sftie.... J 
" ** of Bohoniia.. 

1^ omde, in grains 

pnrifled 



roUod 

*' iriTe-draiin 

SilTfiF, Diet, pure 

CD.st, pure, hammered.. 

PariBian ataDdaril 

Ihe same, hammered .. 

Trench coin 

the Bame, hammered... 

Bhilling, George 111 

Steel, Boft 

haHened, not tempered 
tempered, not barde&ed 
tempered and hardened. 

Tin, pure CorniBli 

the Bume, hardened- 

MolacoK, ftued 

" hardened.. 



.^«a 


.^•r.5 


ZTJi 








11,862 . 


709-6 


0-410 


6,800 


S93-8 


0-228 


7,587 


474-2 


0-274 


6,072 


879-6 


0-220 


6,065 


878-1 


0-220 


S,920 


846-0 


0-142 


S,461 


841-4 


0198 


B,670 


860-6 


0-210 


6,974 


436-0 


0-252 




452-2 


0-261 


6,027 


876-8 


0-219 


11.852 


700-6 


0-410 


IE, 632 


977-0 


0-666 


is,aig 


861-2 


0-498. 


13,680 


848-8 


0-491 


13,875 


8S6-8 , 


0-484 


7,807 


468-0 


0-282 


6,6*8 


416-6 


0-240 


6,207 


388-0 


0-226 


16,002 


975-1 


0-670 


19,500 


1218-8 


0-706 


20.337 


1271-1 


0-736 


22,069 


1879-4 


0-7B9 


21,042 


13151 - 


0-778 


10,474 


664-6 


0-370 


10,611 




0-331 


10,176 


6360 


0-368 


10,376 


648-6 


0-876 


10,M8 


628-0 


0-864 


10,408 


650-6 


0-876 


10,684 


66B-4 


0.360 


7,838 


4890 


■fi^88 


7,840 


490-0 




7,816 


488-5 


0-268 


7,818 


488-6 


0-283 


7,291 


4E6-6 


0-263 


7,299 


456-0 


0-263 


7,296 


456-0 


0-268 


7,307 


466-8 


0-268 



WBiaHT OF HATSBULS. 



v,^^.«. 


SB 




*?££ 


Tin sd 


6.985 
6,801 
8,008 
6,066 
6,440 
7,11» 
6,862 
7,IB1 
5,918 
1,900 
1,38« 

800 
798 
646 

862 

812 
1,828 
1,081 

eis 

661 

1,816 

618 

- 596 

716 

73« 

1,040 

240 

644 

1,209 

1,831 

695 

671 

600 

667 

669 

500 


438-6 
481-4 
S76<6 
I79-1 
402-6 
445-0 
4290 
449-5 
269-9 
118-8 
66-6 

50-0 
49-8 
62-9 
61-4 
6S-2 
67-0 
8S-0 
84-6 
67-1 
85-1 
82-2 
3S-4 
87-2 
44-6 
46-4 
65-0 
16-0 
40-2 
75-6 
83-2 
43-6 
A'i-0 
87-5 
41-1 
35-0 
84-4 


0-250 
0-250 
0-221 
0-220 
0-382 
0-267 
0-248 
0-269 
4-156 
0-009 
0-060 

0-029 
0-O29 
0-031 
0-029 
(Kt81 

<Mn 

0«8 
0-OS7 
0-088 
0-020 
0-047 
0-022 

e-021 

Q-026 
0-026 

0-037 
0-009 
028 
0^044 
0-018 
0-025 
0-024 
0-021 
0028 
0-021 
0-019 






TungBtwi - 






" pure and oompresaed 

and full of cavities../ 
" Buliihale of 
" Bfiluratod solution, tie \ 

t.inp.42deg / 




A^z!^!.::zz:::::z:z':z 




BeJoh 




























Ebonr iDdisn „ 

" Americw - 

EldM - ... 

Elm „ 


Fir.yrilow 

" .VhUe -... 

" m$i» 



WnSHT Of KATBRUXS. 



j:ieA 



Fir, feoule 

Hai«I..._ 

jMntiu, Spuiigb. 

Jonipcr 

LcmoD-trM 

Liginnm-viUe 

Limfl-trei 

Logwood 

Mtitogtuj 

HaplQ 

Uaatio-lTM 

Hidlar 

Mnlberry , 

Okk, heart of, 60 years old.. 

OliTe-tree! "!"!'.'.'.!!."!'.!! !'.!'.!"! 

Oruige-trea 

Fenr-tree 

PamegraQate-tree 

Poplar 

" white, BpaniBh 

Plum-tree 

Qoinee-lree 

SaiBifraB 

Vine 

Walnut , 

Willow 

Tew, Spamsh 

■' Dutch 

Stoitis, Eabtub, etc. 

Alabaster, yellow 

' stained brown 

' veined 

< Gallias 

' Malaga 

' Malta 

' Oriental, wliice ... 

tranaparent 
' Piedmont 



2,699 
2,744 
2,691 



2,7ao 

2,762 






JIM 


0-018 


87 '5 


0021 




o-oea 


M-H 


0-020 


44-0 




63-4 


0-048 




0-022 


fi7-1 


o-oaa 


fifi-fi 


0-088 


47-0 


a-m 


63il 


0-081 


69-0 


0-034 


661 


0032 


78-1 


0043 


68-2 


0-038 


iVH-0 


0-033 


44-1 


0-O25 


41-4 


0024 




0-049 


24-0 


0-014 


33-1 


0019 




0027 


44-1 


O'Oze 


sn-1 


0017 


B3 


0-048 


420 


. 0024 


36-6 


0-021 
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Stoxu, Easths, xtc. 



Alabaster, Spanish Saline 

«( Valencia 

Ambergris 

Amianthus, long 

" short. 

Asbestos, ripe 

«« st&rry 

Borax 

Brick, earth 

Chalk, Brilish ; 

** Bian90D, coarse 

" Spanish 

Oe^ Cannel 

'* Newcastle 

« Staffordshire 

" Scotch , 

Cntler's-stone ..» 

Emery 

Flint, black 

« yeined....... 

" white 

« Egyptian 

Gli^ss, flint. 

" white 

" bottle 

« green.../ 

•« St Gobin. 

" Leith, crystal 

" fluid. 

Granite, Aberdeen, blue kind.. 

" Cornish 

<« Egyptian, red. '... 

" " gray 

** beautiful red 

** Girardmor 

" Tiolet, of Gyromagny 

** Dauphiny, red 

«* '♦ green 

«« «* radiated... 

'* Semur, red 

*' Bretagne, gray 

•• *« yellowifh... 



Weiffht of 

a cubic fbol^ 

in OiincM. 



2,718 
2,638 
926 
909 
2,818 
2,678 
8,078 
1,714 
2,000 
2,784 
2,727 
2,790 
1,270 
1,270 
1,240 
1,800 
2,111 
4,000 
2,582 
2,612 
2,694 
2,666 
2,988 
2,892 
2,782 
2,642 
2,488 
8,189 
8,829 
2,626 
2,662 
2,654 
2,728 
2,761 
2,716 
2,686 
2,648 
2,684 
2,668 
2,638 
2,788 
2,619 



Weichk of 

* evblo foot, 

inPoonda. 



169-6 
164*9 
68*0 
hl'O 
144-6 
1611 
192-1 
107-1 
1260 
174-0 
170-5 
174-4 
79-4 
79-4 
77-5 
81-2 
182-0 
260-0 
162-0 
168*2 
162*1 
160-4 
170-9 
168-2 
170-8 
166-:i 
166-5 
199-4 
208-1 
164-1 
166-4 
165-9 
170-5 
172*6 
169-8 
168-0 
166*2 
167-8 
166-8 
164-9 
171-1 
162*8 



Weight of 

* enbu indi, 

iaFoonda. 



0-099 
0-096 
0-088 
0*088 
0*084 
0*094 
0-111 
0-062 
0-078 
0-100 
0098 
0-100 
0-046 
0-046 
0-045 
0047 
0-076 
0-144 
0-094 
0-096 
0-094 
0<098 
0-099 
0-098 
0-099 
0-096 
0-090 
0-116 
0*120 
0-095 
0-096 
0*096 
0-099 
0100 
0*098 
0*098 
0-096 
0-098 
0-097 
0096 
0-098 
0-095 



tniSHT OF HITSRIALS. 



Oruiite, CuiinUiis, blue 

GriodatoQB 

Ofpsam, OpAqae 

" semi-trfLSBp Brent 

" Sne ditto 

" cuneifortn, «r;st 

" rliomboiJul 

<■ ditto, ten faces 

Hone, white, raior , 

Jet, a biluminoug gubstftDce .. 
Lime-Btone, gruea 



" vhit« fluor 

•• oampaot 

'■ foUftted 

" granular 

Hansimege 

" RMijorB, striated.. 

" P*r. foliated 

" red, from Eapaick 

<■ Bulphnret of. 

" phoaphat^ of. 

Mwble, African :.... 

lliEcbynn, blade 

Jtrocntelle 

CampaniBii, green 

Carrara, vhite 

Castilian 

Egyptian, green 

Grenada, vhite 

Italian, «olBt 

Sorwegiao 

Parian, wliite 



Pjre 
Red.., 



.YX'fnl 


.-".S^ili, 


.-^irm 










184 '8 


0107 


2.143 


IS4'0 


0-077 


2,168 


136-6 


0-077 


2,306 


144-1 


0-088 


. 2,274 


142'I 


0-082 


2,306 


144 -I 


0-083 


2,311 


144-5 


0-0B3 


2,312 


144-5 


0-083 


2,876 


179-8 


0-104 


1,^59 


78-8 




3,) 82 


• 1990 


0-116 


2,742 


171-4 


0-098 


3,166 




1-014 


2,720 


170-O 


0-098 


2.837 


177-4 


0-102 


2,800 


176-0 


0-101 


7,000 


437-6 




4.766 


207-2 




8,742 


234-0 






202-1 




3,000 


187-5 


0-108 




257-2 


0-149 


8,fl50 


2-16-9 


0-142 


2,600 


102 5 


0-004 


2,708 


169-2 


0-098 


2.695 


1S8-5 


0098 


2,050 


1 66-6 


0-097 


2,742 


171-4 


0-099 


2,717 


1699 


0-098 




168-8 


0-098 


2,088 


186-8 


0-097 


2,649 


165-6 


0-099 


2,705 


160-1 


0-098 


2,858 


166-1 


097 


2,728 


170-5 


0-099 


2,838 


164-9 


0-096 


2,720 


lTO-4 


0-098 


2,724 


170-2 


098 


2,765 


172-2 


099 


2,718 


169-9 


0-098 


2,878 


107-4 


0-097 




169-6 


0-098 



VBIOHT OF lUTBRIALS. 



Mirbl«, Vslenaift^— 

Mill-BtODG •-. 

" pboBphorio 

Porcelain, Chin^ 

" Limoges 

" Seires 

'■ British 

PortUnd-itoDB 

Pomioe-BtonB 

Panng-sloiie 

Pnrbeok-itone 

Porpbjr;, red 

" red, trom Cordone. 

" green, from ditto - 

" red, from Dnnphiny 

PyriteB, copper 

" fermgiDOUB, cubie 

of 8t."'i' 
Domuigo / 

Botten-Btone 

Salt 

SerpBDtine, opaque, green, l 
lUlian/ 

black & olive ( 

" " red and \ 

blaok / 

" semi-transpa- \ 

rent, grained. / 

" Hbrons 

" from Dnupbiny . . , . 
SlaU, conuaon 

" blaokatone 

" fresh polished : 

Stalactite, opaqne. 

" tramparent 

Stone, Bristol 

" Burford 






1,714 
2,385 
2,341 
2,146 



2,416 

2,601 
2,766 
2,676 
2,764 
3,728 ■ 
2.793 



3,000 
2.609 
2,672 
2.8S4 
2,18a 
2,768 
2,478 
2,324 
2.610 



216-0 
124-0 



187-5 
167-0 
167-0 
178-4 
1S6'6 
173 
lH-9 
145-2 



0-086 
0084 
0077 



0-094 
0-099 

0-097 
0-099 
0135 
0-101 
0-180 
0-140 
0-149 



0-108 
0-097 
0-097 
0-104 
0-079 
0-099 
0-090 
0-084 
0-091 
0-076 
0-091 
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WneHT OF MATERIALS. 



KlOTl^ 



Stime, Clieud, from Brmehet, 

** <« frt>m Onehftin 

*< Notre-Bame 

** Oriental blue. 

" pftTing 

«* PortUnd. 

'* pumice 

«« Porbeck 

** prismmtie basaltes 

** rmg - •.. 

*' rotten 

** rock of Chatillon 

'' Siberian bine 

" 8t Clond 

«« 8t.Manp 

** touch 

Solphur, natire 

<« melted 

Tale, black. 

*5 crayon 

" German 

« Ifuscovy 

" yellow 



Wei^of 
imOsMM. 



2,867 

2,274 
2,378 
2,771 
2,416 
2,670 
916 
2,601 
2,722 
2,470 
1,981 
2,122 
2,946 
2,201 
2,084 
2,416 
2,088 
1,991 
2,900 
2,089 
2,246 
2,792 
2,668 



Wetclit«f 
imPvuda. 



Woxht of 

ft««lHeiBek, 

imPvuda. 



147*4 
1421 
148-6 
178-2 
161-0 
160-6 
67-2 
162-6 
170-1 
166-4 
124-0 
182-6 
184-1 
187-6 
1271 
151 -Q 
127-1 
124-6 
181-2 
180-6 
140-4 
174-5 
1660 



0-086 

0-082 

0-085 

0-099 

0-088 

0-094 

0-088 

0-094 

0-099 

0-090 

0-071 

0-076 

0-107 

0-079 

0-076 

0-088 

0-076 

0-071 

0-106 

0-076 

0081 

0-101 

0097 



APPLICATION. 

Bulb. — Find, by the rules in the <* Mensuration of Solids," 
the solidity of the material of which the weight is required, and 
multiply that solidity by the factor, in the foregoing table. 

ExAMPLB 1.— Required the weight of a bar of iron 12 feet 
long and 1 inch square 7 

Weight of 1 inch bar-iron, as per table, page 186, is 0-281. 

12 feet s= 144 inches. 
Then *281 X 144 inches s 40-464, or 40/^, or 40} lbs. nearly. 

ExAMPLB 2.-*Bequired the weight of a plank of yellow fir, 
11 inches wide, 8 inches thick, and 20 feet long ? 

20 feet s= 240 inches. 
One cubic inch yellow fir, as per table, as 0'*02$; therefore 
•028 X 240 X 11 X 8 » 182160, or 182-j^, or 182| lbs. nearly. 
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THE STEAM-ENGINE. 

Thb power of the steam-engine is estimated by 
that exerted by the horse. A horse-power, as fixed 
by Watt, is equal to 33,000 lbs. avoirdupois, raised 
one foot high per minute ; and one day's work of a 
horse, is this power, acting through eight hours. 
The pressure of steam is calculated in pounds avoir- 
dupois on the square inch, in perpendicular inches 
of mercury, and in atmospheres; each atmosphere is 
estimated as equal to the average pressure of our 
atmosphere at the surface of the earth. The press- 
ure of the atmosphere is reckoned as equal to that 
of SO perpendicular inches of mercury ; or 14*7 lbs. 
per square inch, or 11*55 lbs. per circular inch. 

To find the Horsei' power of mi Engine^ according 

to Mr. Watt*8 rule: 

From- the diameter of the cylinder in inches, sub- 
tract 1, square the remainder, multiply the square 
by the velocity of the piston in feet per minute, and 
divide the product by 5640. The quotient will be 
the number required. 

GENERAL PEOPORTIONS OP CONDENSING ENGINES. 

I 

(^Sfkfor.-rThe best proportion is when the 
length is twice the diameter ; becaose the cooling 
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surface is then least, in proportion to the content 
of steam. 

Air-Pump and Condenser, — In double condens- 
ing engines, these are made, by Boulton and 
Watt's rule, each to measure one-eighth the content 
of the cylinder. 

Velocity of the Piston to produce the best effect. — 
In engines yrorking the steam expansively, 100 times 
the square root of the length of the stroke'in feet, is 
the best velocity in feet per minute. 

In engines not working expansively, 103 times 
the square root of the length. of the stroke in feet, 
is the best velocity in feet per minute. 

To find the qtbantity of Water required for Steam 
and Injection. — Multiply the area of the cylinder in 
feet, by half the velocity in feet for single^ and by 
the whole velocity in feet for double engines. Add 
^ for cooling and wasting; and this, divided by 
1497, (at the common, pressure on the valve of 2 
lbs« per circular inch,) will give the quantity of 
water required for steam per minute. 

The quantity of water for injection should be 24 
times that required for steam. 

The diameter of the injection-pipe should be ^th 
part of that of the cylinder* 

The valves should be as large as practicable. 

The boiler should be capable of evaporating about 
12 gallons* per hoar for each horse-power. 
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S0N-G05BS5SIXG, OR HIGH PRBSSURB EXOIXES. 

The. length of the cylinder should be at least 
twice its diameter. 

The velocitj of the piston, in feet per minute,, 
should be 103 times the square root of the length 
of the stroke in feet ; or 100 times, if the steam is 
worked expansively. 

The area of the cylinder should be, to the area 
of the steam-passages, as 4800 is to the velocity of 
the piston, found as above. 

Fo77n and Direction of Steam-pipes. — ^Enlarge- 
ments in steam-pipes succeeded by contractions, al- 
ways retard the velocity of the steam^— more or less 
aeecnt^ng to the nature of the contraction — and the 
like effect is produced by bends and angles in the 
pipes. These should, therefore, be made as straight, 
and their internal surface as uniform and free from 
inequalities as may be practicable. The following 
proportions of velocity, from Mr. Tredgold, will 
exemplify this : — 

The Toloeitj of motion that would result from 
the direet miretarded action of the column of 
fluid which produces it, being unity 1000 or 8 

The Telocity through an aperture in a thin plate 
by the same pressure is *626 or 6 

Through a tube from two to three diameters in 
leng^th, projecting outwards *818 or 6*5 

Through a tube of the i^ame length, projecting 
inwards y -681 or 5-45 

Through a conical tube, or mouth-piece, of the 

form of the oontraeted Tdn.. *988 or 7*f) 

13 
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Frietrnm of tktfowiM pf Emgin^t. — ^The mmoimt 
<^ preflsore upon the piston, expended in oyer- 
eoming friction, appears, on an arerage, to be not 
more than 1 lb. to the square inch, in well-con- 
stmcted engines. The diSerence in loss of power 
fitnn this caose, between beam and direct action 
ei^ines, is found by experiment to be inconsider- 
able. 

Mr. TnigoUr$ Etiimude of ike DidrOMOitm amd Eiqpemdiiwre 

of ike Sttam ut <m Erngimc, 

IX A N09-C0;n>SXSC(6 kcgcts. 

Let the pressure on the boiler be 10*000 

Force required to produce motion of the steam* 
in the cylinder will be 0-069 

Lose by cooling in the cylinder and |npes. 0*160 

Loss by friction of piston and waste '2*000 

Force required to expel the steain into the at- 
mosphere. ^ % 0-069 

Force expended in opening the Talres, and 
friction of the rarions parts 0«622 

Loss by the steam being cut off before the end 

of the stroke. 1*000 

Amount of deductions '■ 8*920 

Effectiye pressure...! 6*080 

IN A CONDENSING ENGINE. 

Let the pressure on the boiler be.... 10*000 

Force required to produce motion of the 0team 

in the cylinder 0-070 

Loss by cooling in the cylinder and pipes 0*160 . 

Loii by friction of the piston and waste 1 -260 



^ 
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Foree required to expel the steam tfirongh the 

passages ^i 0*070 

Force required to opeii and close the TaWes, 
raise the injection water, and oyerc9me the 

friction of the axes 0-630 

Loss by the steam being cut off before the end 

of the stroke 1-000 

Power required to work the air-pump 0*600 

Amount of deductions — ^ 8-680 

Effectiye pressure 6*820 

Steam-power required to drive various kinds of 

Machinery. 

A series of experiments instituted 'by Mr. Davi- 
son, at Messrs. Truman and Co.'s Brewery, gave 
the following results : 

Ist. That an engine which indicated 50 horses' 
power when fully loaded, showed, after the load 
and the whole of the machinery were thrown off, 5 
horses', or one-tenth of the whole power. 

2d. 190 feet of horizontal, and 180 feet of 
upright shaftings with 34 bearings, whose superfi- 
cial area was 8300 square inches, together with 11 
pair of spur and bevel wheels, varying from 2 feet 
to 9 feet in diameter, required a power equal to 7*65 
horses. 

3d. A set of three-throw pumps, 6 inches in 
diameter, pumping 120 barrels per hour,* to a 
height of 165 feet, » 4*7 horses. 

4th. A similar set of three-throw pumps, 6 inches 
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in diameter, pun^ping 160 barrels per hour, to a 
height of 140 feet, == 6-2 horses. 

5th. A set of three-throw pumps, 5 inches in 
diameter, raising 80 barrels per hour, to a height 
of 54 feet, = 1 horse. 

6th. A set of three-throw "starting" pumps, 
pumping 250 barrels of beer per hour, to a height 
of 48 feet, = 4*87 horses. 

7th. Two pair of iron rollers and an elevator, 
grinding and' raising 40 quarters of malt per hour, 
== 8*5 horses. 

8th. An ale-mashing machine, mashing at the 
time 100 quarters of malt, = 5*68 horses. 

9th. Two porter-mashing machines, mashing at 
the time, 250 quarters of malt, =s 10*8 horses. 

10th. 95 feet of horizontal Archimedes screw, 15 
inches diameter, and an elevator, conveying 40 
quarters of malt per hour, to a height of 65 feet, =» 
3-13 horses. 

Steanhengines for OoUon-milh. — ^With a mean 
pressure on the piston, with low pressure steam, of 
6 lbs. per circular inch, each circular inch will 
drive three spindles of cotton yarn twist with the 
machinery. For mule yarn, add 15 to the num- 
ber of the yarn, and multiply the sum by '26, for 
the number of spindles for each circular inch of 
piston. 

Or, one-horse power will drive 100 spindles with 
cotton t/artiy and machinery. For mule yam, add 
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15 to the number of the yam, and multiply by 8, 
for the number of spindles for each horse-power. 

Economy of Steam-Jackets, — The following Table 
presents the results of- three experiments made in 
France to ascertain the econogiy of steam-jackets 
to the cylinders oC engines, in the consumption of 
fuel. In the 1st, the steam first entered the jacket 
round the cylinder, and passed from thence into the 
cyliader. In the 2d, the steam entered the cylin- 
der directly, ^vithout passing into the jacket. In 
the dif the steam entered both the cylinder and 
jacket directly, by means of separate communica- 
tiona between them and the boiler. The result 
shows an increase in the consumption of fuel of 
nearly five-sevenths, in the 2d experiment, over 
that in the 1st. 



1 

9 

1 

2 

8 


0Dni^ 
tion of 
Experi- 
ments. 


Total Conaninption in 
ponnda avoirdupois. 


Mean Prcosure in 
Atmospberos. 


Conramntion 
per Uonr in lbs. 


Water 

hy 1 lb. 

of 

CoaL 


Coals. 


Water. 


Boil'r. 

8-82 

8-5 

8-5 


cyttn- 

der. 


Con- 
deas'r. 


Coals. 


Water. 


h. m. 
48 16 
88 80 
82 80 


1482-7 

1982*12 

1469-6 


8387-1 
11111-59 
7Q;22-23 


2-57 
2-56 

2-73 


0-26 
0-28 
0-24 


34-28 
58-16 
45-22 


198-9 
381-7 
240-7 


6-66 
6-61 
5-82 
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MARINE ENGINES. 



The following Dimensions are given by Mr. Rus- 
sell, for the Cylinders of Marine Engines of various 
power : — • 



Hone 

Power. 


InohM 
Diameter. 


stroke. 


Horse 
Power. 


Inebes 
Diameter. 


stroke. 


10 


20 


2 ft. Oin. 


126 


69 


6ft. Oin. 


20 


27 


2 ft. 6 m. 


150 


62 


6 ft. 8 in. 


80 


82 


8 ft. 2 in. 


176 


66 


6ft 6in. 


40 


86 


8 ft. 6 m. 


200 


70 


7 ft in. 


60 


40 


4ft. Oin. 


260 


76 


7 ft. 6 in. 


60 


48 


4ft Sin. 


800 


82 


8ft. Oin. 


70 


46 


4 ft 6 m. 


850 


87 


8 ft 6 in. 


80 


• 49 


4 ft 9 m. 


400 


92 


9 ft. 2 in. 


90 


52 


5ft Oin. 


500 


100 


10ft Oin. 


100 


65 


6 ft 6 in. 

1 









The improvements in Marine Engines have of 
late years been various and extensive. Those in 
oscillating and difect action engines have far 
exceeded previous calculation. In recently con- 
structed war-steamers with screw-propellers, the 
whole machinery is placed seven or eight feet below 
the water-line, and the screw is driven by direct 
action at the rdte of 45 revolutions per minute. 
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Summary of the average Items of the Constructwn 
of a Mile of Railway. By Mr. Dbmpsbt. 

^^ The average quantities, per mile, of the several 
items which are involved in the formation of a doa- 
ble line of railway, of the 4 ft. &^ in. gauge, up to 
the completion of the permanent way, and exclu- 
sive of the stations and buildings, and locomotive 
and carrying stock, may be computed as follows : 

^'The quantity of excavations in 342 miles of 
double line of railway, (comprised in ten railways,) 
amounted to 85,338,000 cubic yards, giving an 
average of about 103,330 yards per mile, or 58*71 
cubic yards of earth-work for each yard forward of 
the line. Assuming the width of the formation 
level to be 10 yards, or 80 feet, (which is about the 
average,) with an additional width of 5 yards on 
each side, for ditches, hedges, &o., the slopes at 1} 
base to 1 of height, — and also assuming the whole 
line to be, either in cutting or embankment, of an 
average depth of height of 11 feet, — we shall re- 
.quire 66 '78 cubic yards of earth-work per yard for- 
ward of the line. This is sufficiently near to the 
actual average of 58*71 yards to answer the pur- 
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pose of this general calculation. The average width 
of land required will thus be, 

Cenferal width. Base of Slop^ Ditchea, ko. 

80 4- 16-5 4- 16-6 + 16 4- 16 = 93 ft. or 31 yds., 

which will give about llj acres of land per mile. 
Allowing for severance, &c., this may be assumed 
at 12 acres. 

"The quantity of ballasting, 30 feet wide, and 
18 inches thick, will equal 5 cubic yards per yard 
forward, or 8800 cubic yards per mile. 

** The sleepers, transverse, 8 feet long, -and 10 
by 5 inches, placed 2 feet 6 inches apart, will re- 
quire 11*733 cubic feet, or '235 loads of timber; or 
4224 sleepers per mile. 

" The chairs required, supposing the rails to be 
rolled in lengths of 15 feet each, will be 1408 joint 
chairs, and 7040 intermediate; and their weight, 
reckoning each joint chair at 20 lbs., and each in- 
termediate chair at 15 lbs., wilt be 12 tons 11 cwt. 
1 qr. 20 lbs., and 47 tons 2 cwt. 3 qrs. 12 lb., 
respectively, or 59 tons 14 cwt. 1 qr. 4 lbs. alto- 
gether. 

" The rails, assuming the weight at 56 lbs. per 
yard, will weigh 176 tons, — 1408 lengths being re- 
quired. 

" If two oak trenails and two iron spikes be re- 
quired for each chair, 16,896 of each will be 
wanted per mile, with 8448 wooden keys for fixing 
the rails in the chairs. 
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^'If felt be interposed between the chairs and 
sleepers, and the former be assumed at 10 X 5 
inches bearing snrface, 2933 square feet of felt will 
be required per mile. 

" The timber in the side fences, formed of posts 
8 feet long, 6. X 4 inches, 9 feet apart, with four 
rails 5x2^ inches, and intermediate upright stay 
3x2 inches, will consume as follows : 1174 posts 
= 1565 cubic feet ; 4696 rails = 3666 cubic feet ; 
1174 stays = 269 cubic feet ; or a total of 110 
loads. 

"Of the masonry, timber, iron, &c., &c., in 
bridges, viaducts, culverts, .drains, retaining walls, 
&c., scarcely any estimate can be formed. Taking 
the average of a few cases, the masonry would ap- 
pear to amount to about 110,000 cubic feet per 
mile ; but in some cases from 80 to 50 per cent, of 
this quantity is substituted by timber and iron." 

Weight of JRails. 

On railways with much heavy traffic, the weight 
of the rails should be, to insure firmness and dui^a- 
bility, as on the London and North-western Rail- 
way, about 75 lbs. per yard, and their bearing-sur- 
face about 2| inches broad. The best distances for 
the bearings being about 2 feet 9 inched to 3 feet 
asunder. 



f ' 
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Atma^herie RaiUway. 

An experimental line of Atmospheric Bailway on 
Hallette's principle, abont 100 yards long, has been 
laid down, to exhibit its peculiar valve, and its 
working power, on a small scale. The valve is 
dosedn&y longitudinal caoutchouc pipes, covered 
with cotton and leather, and filled with compressed 
air, at about 5 lbs. to the inch pressure. The wear 
and tear of these elastic lips, by the continual rub- 
bing of the wedge which opens them as the train 
passes, can be satisfactorily ascertained only by ex- 
periments on a large practical scale. 
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Menai Tubular Bridge. 

The tubtdar bridge designed by Mr. Stephenson 
for crossing' the Mdnai Straits, or the line of the 
Chester and Holyhead Bailway, is proposed to be 
rectangular, and of the following dimensions, vis. 
length 450 feet, width 15 feet, height 80 feet; 
made of iron plates one inch in thickness. Nume- 
rous experiments have been made on the strength of 
iron tubes, by Messrs. Hodgkinsen and Fairbairn, 
to determine the requisite strength, and the weight 
it would support. The estimated strength of thia 
tube would be equal- to 1100 tons applied in the 
centre, including its own weight ; or 747 tons, de- 
ducting its own weight. But this being the foil 
strain tliat the tube would bear without breaking, a 
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macli less weight must be fixed upon as within the 
point of safety. The addition of chains is proposed 
to add to the support of the tube, and experiments 
are still in progress to determine a form that would 
sustain a more considerable weight. Its practical 
hility has been established, in the opinion of the 
engineers, by the results of experiments on a tube 
75 feet long, 2J feet wide, and 4J feet deep, weigh- 
ing about 5 tons ; which broke with a weight on the 
middle of 85 tons. 

jResistance to Railway Trains. 

The resistance of the air to railway trains is esti- 
mated, by Mr. Barlow, at not more than ten pounds 
on each ton weight, on the average. The loss of 
velocity estimated by t^omparidon of the actual with 
the theoretical velocity, is caused by the consump- 
tion of power in overcoming the inertia of the 
train, and not from defect or loss of. power in the 
action of the engine. 

A paper was read at the meeting of the British 
Association in. September, by Mr. Scott Russell, on 
^^ The law which governs the resistance to the mo- 
tion of railway trains at high velocities." His ex- 
periments have been undertaken " on a large scale, 
with railway trains of a great variety of size and 
weight, and at velocities as high as sixty-one miles 
an hour/' and were combined with those formerly 
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made by the Association, and by Mr. W. Harding ; 
and he presents the results in the following Table. 

Mr. Russell remarks that the experiments show 
not only a great amount -of resistance at high velo- 
citieSy but likewise a great variation and anomaly 
in the results. He describes the resistance as con- 
sisting of three elements. Firstly, the friction of 
the axles and wheels, as an ascertained quantity, 
equal in the best carriages to 6 lbs. per ton of the 
train. Secondly, the resistance of the air ; which, 
acting on a solid body such as a railway train, he 
regards as much less in amount than that inferred 
by Smeaton, from experiments on thin plates. 
And, thirdly, a large amount of resistance, increas- 
ing with the velocity of the train, and amounting, 
at ten miles an hour, to about 3 lbs. per ton, at 
thirty miles to 10 lbs., and at sixty miles an hour 
to 20 lbs. per ton ; and which Mr. Russell ascribes 
to the concussions, oscillations, frictions of various 
kinds, &c., which are produced at high velocities. 

Mr. Russell has constructed a formula com- 
pounded of these resistances, the comparison of the 
results of which, with those of the actual experi- 
ments, is shown in the Table ; but the great anoma- 
lies observable at the various velocities remain yet 
unexplained, and appear incapable of being ac- 
counted for on any theory. Much is probably due 
to the combined action of inaccuracy in construc- 
tion, and variation in the quality of the materials 
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employed. A doubt may likewise be suggested 
whether, in practice with heavy trains, the quantity 
of the first-named element of resistance, t^e fric- 
tion of the axles, &c., is constant at all velocities. 



Table referred to above. 



Na of 


Uniform Telodty 


Beristanee 


ResfaAanee 


fixperiBMiit. . 


maintained in 
milea, per hour. 


in lbs., per ton, by 
£zp«ciment. 


in Ibe., per ton, by 
Formula, 


1 


10 


8-40 


9-30 


2 


14 


12-60 


18-90 


8 


14 


12-60 


18-90 


4 


29 


16-50 


15-70 


5 


81 


28-80 


25-40 


6 


81 


18-20 


16-30 


7 


32 


22-50 


. 27-20 


8 


33 


22-50 


22-70 


9 


33 


15-68 


16-90 


10 


83 


15-96 


17-00 


11 


84 


16-60 


17*80 


12 


84 


^ 16-95 


17-30 


18 


84 


17-70 


17^80 


14 


84 


28-30 


27-20 


15 


34 


25-00 


28-10 


16 


85 


22-50 


' 26-10 


17 


86 


22-60 


22-40 


18 


86 


22-40 


21-50 


19 


87 


17-60 


18-20 


20 


87 


26-00 


28-40 


21 


89 


80-00 


81-00 


22 


41 


22-99 


19-60 


23 


41 


26-78 


19-60 


24 


45 


21-70 


21-00 


26 


46 


. 23-10 


21-30 


26 


46 


80-31 


81-00 


27 


47 


33-70 


33-10 


28 


50 


32-90 


36-30 


29 


51 


26-40 


23-00 


80 


53 


41-70 


42-10 


81 


61 


62*60 


64-80 



14 



158 RAILWAYS. 

New Sand Cement. 

A metallic sand cement, of great hardness and 
tenacity, has been lately used on the London and 
South-western Railway and elsewhere, in forming 
mortar and concrete. The sand is brought from 
Swansea, and the proportions of the cement are, — 
for mortar, the mietallic sand, ordinary sand, and 
lime, in equal quantities; for concrete, metaHic 
sand 1 part, lime 1 part, gravel 6 parts. The iron 
contained in the metallic sand becomes disseminated 
through the mass, and acts as a firm bond to the 
whole composition. 

GAUGE OF RAILWAYS. 

The experiments instituted by the advocates of 
the broad and narrow gauge, respectively, with the 
object of testing their respective merits as to speed 
and power, have not led to any satisfactory conclu- 
sion. The direction of the wind, the state of the 
rails, and the inclination of the road operated so 
variously during the trials, as to destroy all uni- 
formity in the conditions of the several experi- 
ments. 

Mr. Bidder, in his report on the recent gauge 
experiments, gives the following results : — 

NABROW GAUGE. 

Date of experiment.... Dec. 80. Dec. 81. Deo. 81. 

Draft in tons 50 ....:. 60 80 
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Date of experiment Dee. 80. Dee. 31. Dee. 81. 

Distunce trayelled in miles 42 85 42 

Time in minutes and seconde... 72 6 106 12 56 52 

Water evaporated, lb 12215 19708 9900 

Ditto do. per mile, lb.. 291 232 235*7 

mtto do. per hour, lb.. 10160 11150 10480 

Cable feet per hour 162J...... 178 167 

Coke consumed, lb 1381 ....... 1176 

Water evaporated per lb. of 

coke, lb 9-3 9-6 8-8 

Coke consumed per mile, lb.... 31*2 24 26*6 

Pressure 71 60 

Engine A 

Surface of fire-box, feet square 58 

Areas of blast pipes in circu- 
lar inches 8364}^ 

Contents of cjlinders, do 4725 

BROAD GAUGS. 

• 

Date of experiment Dec..l7. Dec. 16. Dec. 16. 

Draft in tons 60 80 80 

Distance traveUed in mUes 101} 100} 101} 

Timeinminutes and seconds... 112 42 117 4 121 3 

Water evaporated, lb 22596 23489 24838 

Ditto do. per mile, lb.. 232 283f 245 

Ditto do. per hour, lb. 11820 12020 12300 

Cubic feet per hour 198 192} 196} 

Coke consumed, lb. 

Water evaporated pbr lb. of 

coke, lb 7-8 712 712 

Cokeconsumedper mile, lb.... 29-6 33-6 33-6 

Pressure. 

Engine Ixion 

Surface of fire-box, feet square 97 
Areas of blast pipes in circu- - 

lar inches 8721} 

Contents of cylinders, do 4961 
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The friction of air through tabes, Bfr. Bidder 
observes, is tolerably well ascertained : it appears 
that, with a pressure of '04 lbs. per inch, the velo- 
city of the air through the long tubes of the A en- 
gine used in the narrow gauge experiments was 16 
miles per hour ; and through the shorter tubes of 
the Ixion 18 miles per hour. 

• 
Opinion qf Mr. W. Cubitt on Uniformity of 

Q-auge^ {Evidence before Select Committee of the 
Souee of Lords.) 

Proposes a 6-feet gauge, the alteration to which 
would icost between <£500 to <£1000 per mile. . 

Says that the bridges and tunnels on the existing 
narrow gauge railways aVe wide enough to admit 
of rails 6 feet apart, the only alteration necessary 
in the carriages being that of bringing out the 
wheels 6 or 8 inches each side, as the carriages 
themselves are already wide enough, and the wheels 
would still be under the body of the carriage. 

The enlarging this gauge to 6 feet Would make a 
better gauge, and enable them to bring the centre 
of gravity of the engine lower, and allow larger en- 
gines than can now be used with safety upon the 
narrow gauge. 

Long engines (as long as 20 feet) may be made 
to run with very large driving wheels, and go safely 
round curves, by using what is called in America 
a "Bogy Carriage," viz. supporting the engine on 
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two tracks "with four low wheels each, which trucks 
could turn independently at each end, while large 
driving wheels without flanges may be placed be- 
tween the trucks. 

Estimates the altering of carriages to the 6 feet 
gauge at less than <£80 each, and the engine and 
tender at <£350 to ^£400 each. 

Extract from a Return to the House of Lords, of the working 

STOCK of Existing Railways, 

LoeomotiTe PtCMBKer Lagigan 
Engines. Carriages. Vans, ie. 

Arbroath and Forfar 6 12 110 

Birmingham and Gloucester 40 46 586 

Bristol and Gloucester 11 20 213 

Chester and Birkenhead 10 60 86 

Dublin and Drogheda 15 69 105 

Dundee an(!l Newtyie 7 9 188 

(Also 8 stationary engines.) 
Durham and Sunderland — 23 ; 28 

(18 stationary engines.) 
Dunfermline and Charlestown — - 2 189 

(Horses used on this line.) 

Eastern Counties 66 204 1142 

Edinburgh and Dalkeith ^ — 28 104 

(Horses used on this line.) 
Edinburgh, Leith and Granton — 8 — 

(Horses used on this line.) 

Glasgow, Paisley, Kilmarnock, &c.... 81 133.....«...1884 

Grand Junction — including Liverpool 

and Manchester and Bolton and 

Leigh 128 848 1978 

Gravesend and Rochester 4 16 6 

Great North of England 87 46 717 

Great Western 127 282 919 

Hartlepool 5 8 6 
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Tj 

Hftjte ftad IMrath ^ 7 ^ 6 119 

(Also 2 fUtionary engines.) 

Hull snd Belby 17 ^ 45 2S8 

LMiesster and Preston Junction. 6 S7^ 36 

Leieestcr sad Swsanington. 8 4.....^ . 13 

LUncUj and LIsndillo 4 2....^^ 464 

London and Blackwall — 47 7 

f Eight stationary engines.) 

I»ndon and Brighton 44 163 423 

London and Croydon 8 56....^... 89 

London and 8oathwestem 47 212 608 

Manchester and Birmingham 27 100 961 

Manchester, Bolton, and Bary 12 52. 228 

Maryport and Carlisle 8 16 135 

Midland 109 251 1842 

Newcastle and Darlington r 87 81 ,2515 

Newcastle and North Shields 5 28 124 

Newcastle and Carlisle 26 67 653 

(Also hire 470 coal-wagons.) 

Newtyle and Coapar 1 2 48 

Norfolk 18 50 497 

North Union 19..v. 49 54 

Pontop and South Shields 13 — 2649 

(Newcastle and Darlington passen- 
ger-carriages.) 

Preston and Wyre \ 8.. 40 108 

St. Helen's 9 — 20 

Sheffield, Ashton, and Manchester 25 105 469 

Stockton and Hartlepool, and Cla- 
rence 19 28 67 

South-eastern 90...^.... 409 881 

TaffVale 12 28 828 

Ulster ._. 11 84 102 

Wishaw andColtncss 11 10 .^.1016 

York and North Midland 48 109 1050 
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Cost or Eobopun Railways pkr Miue, txiraeted Jrom a Bo- 
port publithed by order of the Sotue of C! 



Ghent to Conrtrsy £e,fl2D 

Ghent to Bruges J fin 

ttaden to St. Trond 8,990 

LoQTun U Tirlemont 19,957 

liege t« Prussinn [''roDtiers 40,797 

Ana to Liege.. 62,826 

ATeTKge of Stote Unea '. 17,182 

French Linet. 

Paiu uid Orleana... 24,890 

Pari* and B«nen 28,754 

Strasbourg And Oasle U,4Se 

Amiens and Boulogne 20,000 

Bonen and Bavre 28,800 

ATignon and IMaraeitles 28,600 

Orleans sndTSordeaux 20,880 

The Centre. 18,060 

The Korth with CaUia Brancli. 19,900 

PariB and Lyons. 24,840 

Ijoiu uid Avignon, with Branch to Grenoble 2S,800 

Attitrian Late*. 

OlmQtr to Pragne ~ 11,657 

BrOnn to Bohmisoh Triibao. 16,860 

iVturuin Littei. 

Berlin and ^otsdam 12,823 

H^debarg and Leipsio 10,179 

Cologne to Belpan Frontiers 28,884 

EaglUh JAnet, wUh SaokA and Mth. 

Arbroath and Forfar 9,214 

Cheater and Birkenhead 34,198 
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DaUia ud I>T«c;)Md>. £1S,C9I 

S».l» 

8,»T« 

E^ 

O U i g ow, KUBBiaoek. nd Air _„....^ ^9^H 

GUigow ud Oreeaoek _ SS.vF^' 

GrBTCKDd and B«ebMtcr_. — . — . „.. IS.SSS 

Greit Wertom. ^_.....^~..^-..._ 43,gSS 

BkrUepool... 26,600 

Loodon and Binaia^AM..., 38,440 

tendon ud Bl«ct*«ll. '. 287,878 

LoDdoB and Brightoa. _.. 56,981 

London uid Crojdon ^.., 80,400 

I>ni>lan and Sonlh-westem. 28,004 

Manehealcr. Bolton, «nd Bnrj 70,000 

HancbeaUr and Birmingbam G1,G24 

HancbesteT and Leeds £4,682 

Uidluid _ 80,949 

KcwcBstle, Darlington, and Brandting. 22,902 

Kewcaalle and Carlisle 17,837 

Kewcaitle and Nartli SUelds — 4^3tt H 

Norfolk „... 18,lUtH 

North Union, and Bolton and Preston. ZT,fiP^| 

Frealon and Wyre 22,281^^ 

Sheffield and Manchester 4S,643 

SoBth-eaatern. 44,412 

Tair Yale _ 21,610 

meter 14,88* 
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Problems^ and one which is most generally used. 

For example, supposing we wish to find oat the 
variation from a straight line on a curve of 400 feet 
radius with a locomotive whose extreme centre of 
wheels are 26 feet. We wish to know this to find 
the width of tire to be put on the forward driving 
wheels to prevent falling off tiys rails. We are sup- 
posing now an 8-wheel engine, 4 drivers, and 4 
wheels in a truck. 

Hg. 49. 




Now we have the radius, a (, 400 feet, and the 
chord, a Cj 20 feet, which is the distance the wheel 
centres are apart ; from ft, as a centre, we describe 
the arc, a d Cy with i a, as radius. Bisect the chord, 
a Cf at /; then a/ will equal 10 feet, and / c equal 



166 MtXLWAJB. 

10 feet. Now to find the distance,/ J, which is the 
Tcrsed sine: 

Bulb. — Find the sqiure of a &, and firom it sob- 
tract the square of a /; the remainder find the 
sqiure root of, then the product ; subtract from a &, 
and the remainder will give the distance, df. 

400 100 
400 



160000 
100 



S)159900(399-8T 400 
9 399-87 



69) 699 0-13 Feet, Answer. 

621 



789)7800 
7101 



7988)69900 
63904 



79967)599600 
559769 

89831 



A Tabu ofOie Fradional Pttrtt of an Inch, alien divided into 
Airitf-tipo partt ; tikevue a foot of tmdce iiiehei; reduced to 



Puf. 


.^.. 


««. 


i,.,^. 


«f"i.' 


^^ 


A 


■03125 




Md,^ 


■53125 


11 


■91M 


iV 


■0025 




and ^5 


■5625 


10 


■8333 


A 


■09375 
■125 




and A 


■59375 
■626 


9 
8 


■75 
■C60G 


andji. 


■15625 




andVi 


■65025 


7 


•5833 


and" 


■1875 




andiis 


■G875 





■5 


^div 


■21875 




and A 


■71875 


5 


■4166 




-25 






■75 


4 


■3333 


aodji. 


■28125 




andji; 


■78125 


3 


■25 




■3125 




andT-. 


•8125 


2 


■1666 




■375 




and A 


■84375 




■0833 


andVf 


■40025 






■875 




■07291 


and A 


•4375 




and^E 


■901125 




■0625 


and/; 


■46875 




andjif 


■9375 




■0528 




■3 




and A 


■96875 


. 


■04166 










■03125 












■02083 












■01031 



The great utility of the above table ia to facilitate 
the mnltiplication and division of parts of an inch ; 
aleo in calculations. For example, suppose a sheet 
of iron to be 20| inches long, 32| and ^ inches 
broad, and | and ^ of an inch in thickness, what 
number of cubic inches does it contain ? 
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20-625 
12-78 


263-58 

-84 


165000 
144375 
41250 
20625 


105432 
210864 


221-4072 cub 


263-58760 


- 



THE LEVER. 



1. A LRYER is «n inflexible bar^ either straight or 
bent, supposed capable of taming round a fixed 
point, called the fdlcmm. 

According to the relative positions of the weight, 
power, and fnlcram, on the lever, it is said to be of 
three kinds, viz. when the fulcrum is somewhere be- 
twixt the weight and power, it is of the first kind ; 
when the weight is between the power and the ful- 
crum, it is of the second kind ; and when the power 
is between the weight and the fulcrum, it is of the 
third kind, thus : 

p. 



Ist. 
2d. 



8d. 



w. 



F. 



P. 



W. 



P. 



P. 



w 
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2. In the first and second kinds there is an ad- 
vantage of power, but a proportionate loss of velo- 
city ; and in the third kind there is an advantage in 
velocity, but a loss of power. 

3. When the weight X its distance from the ful- 

4 

crum = the power x its distance from the fulcrum, 
then the lever will be at rest, or in equilibrio ; but 
if one of these products be greater than the other, 
the lever will turn round the fulcrum in the direc- 
tion of that side whose product is the greater. 

4. In all the three kinds of levers, any of these 
quantities, the weight, or its distance from the ful- 
crum, or the power or its distance from the fulcrum, 
may be found from the rest, such, that when ap- 
plied to the lever, it will remain at rest, or the 
weight and power will balance each other. 

Weight X its disiance from fiilc. 

6. sac power. 

Diflt. of power from folc. 

Power X its distance from folc. 

6. = weight. 

Diet, of weight from fulc. 

Weight X ^st. weight from fulo. 

7. B8 diet power from fiilo. 

Power, 

Power X ^t. power from folc. 

8. ^ S3 dist. weight from fulc. 

Weight. 

9. In the first kind of lever, the pressure upon the 
fulcrum a= sum of weight and power ; in the second 
and third «> their difference. 



no 

10. If there be serenl weights on both sides 
of the falcnmi, they mmy be reckoned powos on 
the one side of the fnlerom, and weights on the 
other. 

Then, if the sum of the prodact of all the 
weights X their distances &om the folcram be = to 
the som of the products of all the poweis x their 
distances from the f alcnun, the lerer will be at rest ; 
if not, it will torn round the folcrom in the direc- 
tion of that side whose products are greatest. 

11. In these calculations the weight of the lerer 
is not taken into account ; but if it is, it is just 
reckoned like any other weight or power acting at 
the centre of graYitj. 

12. When two, three, or more lerers act upon 
each other in succession, then the entire mechanical 
adyantage which thej gire, is found by taking the 
product of their separate advantages. 

13. It is to be observed in general, before apply- 
ing these obsenrations to practice, that if a lever be 
bent, the distances from the fulcrum must be taken, 
as perpendiculars drawn from the lines of direction 
of the weight and power of the fulcrum. 

Example. — In a lever of the first kind, the weight 

is 16, its distance from the fulcrum 12, and the 

power is 8; therefore by No. 7 of this chapter, 

16 X 12 

g — = 24 the distance of power from tiie 

fulcrum. 
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In a lever of the Becond kind, a power of S acts 
at a distance of 12 ; what weight can be balanced at 
a dbtance of 4 from the fulcrum ? Here, by No.*6, 

— J — = 9 weight. 

In a lever of the third kind the weight is 60, and 

its distance 12, and the power acts at a distance of 

60 xl2 
9 from the fulcrum ; therefore, by No. 5, — g — = 

80 the power required. 

If there be a lever of the first kind, having three 
weights, 7, 8, and 9, at the respective distances of 
6, 15, and 29, from the fulcrum on one side, and a . 
power of 17 at the distance of 9 on the other side 
of the fulcrum, then a power is to be applied at the 
distance of 12 from the fulcrum, in the last-men- 
tioned side ; what must that power be to keep the 
lever in balance ? 

Here(6 x7) + (15x8) + (29 x9) = 423 = the 
effect of the three weights on the one side of the 
fulcrum, and 17 X 9 = 153 = the effect of the 
power on the other side. Now, it is clear that the 
effect of the weight is far greater than the effect of 
the power ; and the difference, 423—153 = 273, re- 
quires to be balanced by a power applied at the 
dbtance of 12, which will evidently be found by 
dividing 270 by 12, which gives 22*5, the weight 
required. 



172 



THB LETBR. 



14. Tho Roman steel-jard is a lever of the first 
kind, BO contrived that only one movable weight 
is employed. 

Tabls ihowing tt« EffeeU of a Force of Tradion of 100 pounds, 
<a different VdocUia, on Canal*, Raiiroadi, and IWnpute 
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8-66 


55,600 


89,400 


14.400 


10,800 1 


800 


1,350 


3 


4-40 


88,543 


27,361 


14,400 


10,800 1 


800 


t,S60 


^ 


fi'13 


28,316 


20,100 


U,400 


10,800 1 


800 


1,330 


4 


6-86 I2i,*i80 


15,390 


14,400 


10.800 1 


800 


1,350 


6 


7-;i3 1 13,575 


5,850 


14.400 


10,800 1 


800 


1,850 


6 


8'80 


9.«35 


(1,840 


14,400 


10,800 ] 


800 


1.350 


7 


W-IQ 


7,080 


5,026 


14.400 


io,eoo 1 


800 


1,350 


8 


11-73 


5.420 


8,848 


14,400 


10.800 1 


800 


1,350 


9 


18-20 


4,282 


3,040 


14,400 


10.800 1 


800 


1,850 


10 


14-66 


3.463 


2,462 


U,400 


10,800 1 


800 


1,360 


135 


19-9 


1,600 


1,350 14.400 


10,800 1 


800 


1,350 



* The force of trsction tmi a oaoal vBrieB h the eqaore of tlia 
Telocity ; but the meah&iiical power necesssry to move the 
boat, is usaollf Teckoneil to increase aa the cube of the Telo- 
city. On a ra.itroad or turnpike, the force of tractioa IB coa- 
ataut, but the Eaechanical power aecesBBrj to move the oar- 
liage inoreaBBa aa the velocity. 
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174 EOCENTBIO WHEEL. 

TO CONSTRUCT AN ECCENTRIC WHBEl.. 

From the centre of the shaft take P equal to 
half the length of the stroke which you intend the 
wheel to work ; and from P as a centre, with any 
radius greater than P D, describe a circle, and this 
circle will represent the required wheel. For every 
circle, drawn from the centre P, will woik the same 
length of stroke, whatever may be its radius ; as, 
whatever you increase the distance of the circum- 
ference of the circle from the centre of motion on 
the one side, you will have a corresponding increase 
on the opposite side equal to it. 

Thus, suppose an eccentric wheel to work a 
stroke of 18 inches is required, the diameter of the 
shaft being 6 inches ; and if 2 inches be the thick- 
ness of metal necessary for keying it on to the 
shaft, then set off, from to P, 9 inches ; and 
9 + 5 = 14 inches, the radius of the wheel re- 
quired. 

Fig. 50. 




Formulae. 

Let S represent the space the end A is moved 
through by the eccentric wheel, and 8 the space the 
slide moves. 

Then, ABx«-"BOxS; and this equation, 



;-V- 



BCOSNTRIO WHEEL. ITS 

solyed for A B, B C, S, and s, gives the follow- 
ing: 

AB-^^d.) S-^|^(3., 

Mode of Setting the Eccentrici on the Main Shaft 

of Drivii^ Wheele of Locomotivei. 

We sappow the nse of an additional eccentric for 

working the Tt^ree half stroke. 

Fig. 61. 




Fig. 50 representB the tme position of eccentrics on 
right-hand side of engine when the rock arm is need. 
Cjlinders and eccentric rod supposed to be hori- 
tontal, the crank being on its forward centre, g. 
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B' G ia thf) length of «nitk. 

B' D is h&lf radina of sile. 

B' B equl hslf tha throw of Ttlre. 

B' C eqiul hftlf the throw of OQt-off WMeobio. 

B' A eqtul Up taii le&d. 

Dnw the line, E F, perpendienUr to the line of 
ecoeotrie rod uid tangent, to the Up uid lead tit- 
cle, and when it ihtereeota the throw of tbIto at the 
pwntB, F M uid B M, is the centre of the eooeo- 
tricB ; the oot-off occentiio, « o, is aet on the.line of 
crank when the throw of ooeentrio interseott tha 
line. 

Crank Drmen tm the Oentr*. 
«g. 62. 




Fig. 62 ift the same eonstraction at fig. 61} imt 
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ing direct to the valve, without the intervention of 
rock arfti, only the centres of eccentrics are on the 
left side instead of right, and the forward motion 
eccentric is -below, and the backward motion eccen* 
trie above. 

E F line drawn at right angle with eccentric rod. 

A B^ lap and lead. 

B B^ J throw of valve. 

B' C 1^ thrdw of cut-off eccentric. 

B' D radius of axle. 

For any other angle of cylinder or eccentric rod, 
the construction is precisely simitar. The angle of 
connecting rod; being so trifling, is not taken into 
consideration in practice. 

Tire-Bars, Lengths required to make Inside Diameter, 



ThioknMS 


Inside 


Outside 


Length of Bar 




Diameter. 


DiMneter. 


required. 


InehM. 


Inohes. 


Inches. 


Feet Inches. 


1} 


88 


86 


9 


If 


88| 


42 


10 8 


2 


89 


44 


10 9 


1 


424 


46 


11 7 


2 


44| 


48 


12 2 


2 


61 


66 


13 8} 


2 


66 


60 


16 2} 


2 


68 


72 


18 8 


2 


80 


84 


21 8 


2 


92 

• 


96 


24 2 
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BRASS. 

The alloy of 2 zino and 1 copper may be crum- 
bled in a mortar when cold. The ordinary range 
of good yellow brass, that files and turns well, is 
from about- 4^ to 9 oz. to the pound. Brazing, sol- 
ders — 3 copper and 1 part zinc, (very hard;) 8 parts 
of brass and 1 zinc, (hard;) 6 parts brass and 1 tin, 
1 zinc, (soft.) Solder for iron, copper, and brass, 
consists of nearly equal parts copper and zinc. 
Muntz's metal — 40 parts zinc, 60 copper. Any 
proportions between the extremes of 50 zinc and 50 
copper, and 37 zinc and 63 copper, will roll and 
break at the red-heat ; but 40 zinc to 60 copper are 
the proportions preferred. Large bells — 4^ oz. to 
5 oz. of tin to 1 lb. of copper. Tough brass for 
engine work — 1 J lb. tin, 1 J zinc, and 10 lbs. copper. 
Brass for heavy bearings — 2| oz. tin, ^ oz. zinc, and 
1 lb. copper. Babbit's metal — 1 lb. copper, 5 lbs. 
regulus of antimony, and 50 lbs. tin. Melt copper 
first, add the antimony with a small portion of the 
tin, charcoal being strewed over the metal in the 
crucible to prevent oxidation. 



ON THE SAFETY VALVE AND LEVER. 

The apertures for safety valves require no nice 
calculations. It is only necessary to have the ap&- 
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tore Bufficient to let the steam off from the boiler as 
fast as it is generated, when the engine is not at 
work. 

The safety valve is loaded sometimes by patting 
a heavy weight npon it, and sometimes by means 
of a lever with a weight to move along to suit the 
required pressure. 

When the whole weight is put on the valve, to 
find the pressure to each square inch :— 

Multiply the square of the diameter of the valve 
by *7854, and this pfoduct will give the area, or 
number of square inches in the valve. 

And if the whole weight upon the valve, in 
pounds, be divided by the number of square inches 
in the valves, the quotient will give the number of 
pounds pressure to each square inch in the valve. 

JEx. — If a weight of 40 lbs. be placed uppn a 
valve, the diameter of which is 3 inches, what will 
be the pressure to each square inch T 

8« X -7854 «= 7 square inches ; then, 40 -5- 7 = 
5f lbs. per square inch. 

ON THE SAFETY VALVE LEVER. 

This being a lever of the third order, it may be 
calculated as follows ; and also the weight of the 
lever will be considered ; for when the lever is large 
and the valve is small, the weight of the lever is 
such as ,to produce a very sensible pressure upon 
the valve to each square inch. But previous to the 
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calculation, it will be necessary to make the follow- 
ing remarks. 

Since the fulcrum is at one end, and the power 
or the action of the steam between that end and the 
movable weight, (see fig. 2, where F is the ful- 
crum, A is the point where the steam acts, and W 
the movable weight,) some have taken A for the 
fulcrum, and thereby have committed very great 
errors ; for, according' to this rule, a weight put on 
at twice the distance from -A that A is from T, 
would, if the weight of the lever were not con- 
sidered, be twice its own weight upon the valve ; 
whereas, if it had been reckoned from F, its real 
fulcrum, it would be three times its own weight 
upon the valve. 

It has been shown, and indeed it is almost self- 
evident, that if we have two, three, or four times, &c. 
the leverage, we will have two, three,, or four times 
&c. the effect produced respectively, the weight re- 
maining the same. Therefore divtde the length of 
the lever by the distance between the fulcrum and 
valve, and the quotient gives the leverage ; and the 
leverage, multiplied by the weight, gives the whole 
weight upon the valve; and this product, divided 
by the number of square inches in the valve, gives 
the weight per square inch. Or, if the weight per 
inch be known, multiply the number of pounds per 
square inch by the number of square inches^ and 
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this product gives the whole weight upon the valve, 
which, divided by the leverage, gives the weight. 
Or, if the weight be given, divide by it, and the 
quotient will give the leverage ; and the leverage, 
;nultiplied by the (^tance between the fulcrum and 
the valve, gives the length of the lever. 

Ex. — Given the whole length of the lever 24 
inches, the distance between the fulcrum and valve 
3 inches, the diameter of the valve 2^ inches ; re- 
quired the weight put on at the end of the lever, so 
as to have 50 lbs. per square inch upon the valve ; 
also to divide the lever so as to have 40, 30, 20 lbs. 
j^c. updn the yalve with the same weight. 

(2-5)* X -7854 = 4-9 = area of the valve. 

4*9 X 60 = 245 lbs. whol^ weight on the valve. 

245 • • 

-g- =■ 30*625 lbs. = the weight which must be 

put on at the end of the lever to give 50 lbs. per 

square inch. 

4*9 X 40 
And gQ,g25 - =* 6*4 5 ^^^^y 6-4x3 = 19-2 

inches, the distan6e from the fulcrum the weight 
must be placed to have 40 lbs. 

24 — 19-2 = 4-8 ; that is, the weight must be 
shifted in towards the fulcrum 4*8 inches to have 
40 lbs. per inch ; and for 30 lbs. p^r square inch, 
move it in 4*8 inches more, &c. 
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To find what weight must be put an at the end of a 
Lever to give any number of pounds pressure per 
square inch upon the Valve^ the weight of the 
Lever being taken into consideration. 

RuCe. — Find the area of thir valve by multiply- 
ing the square of the diameter by -7854 ; then mul- 
tiply this area by the number of pounds per square 
inch which you want upon the valve, and this pro- 
duct will give the whole weight upon the valve. 

Next divide the whole length of the lever by the 
distance between the fulcrum and valve, "*" and the 
quotient will give the leverage which any weight 
will have when put on at the end of the lever. 

Multiply this leverage by half the weight of the 
lever, and the product will give the pressure on the 
whole valve from the action of the lever alone : add 
to this product the weight of the valve, &c. and 
subtract the sum from the whole weight on the 
valve above mentioned ; the remainder will give the 
weight which will be pressing on the valve from the 
action of the weight alone ; and this, divided by the 
leverage, gives the weight itself. • 

Note. — If, instead of considering half the weight 
of the lever to act at the end, we conceive the 
whole weight to act at the centre of gravity, the 
result will be the same, the lever being uniform. 

* What id here meant by the distance between the fulcrum 
and Talvo, is that part of the lever between the fulcrum and 
tho point where the leyer acts upon the valye. 
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^x. 1. — Given the length of the lever 24 inches, 
the distance between the falcram and valve 3 
inches, the weight of the valve 3 lbs. the weight of 
the lever 8 lbs.; it is required to determine what 
weight must be pui| upon the end of the lever that 
it may press 30 lbs. per square inch, the diameter 
of the valve being 3 inches. 

Now, 3 X 3 « 9, and 9 X -7854 = 7-0686 = area, 
or number of square inches in the valve ; and 7 X 
80 B 210 lbs. =» whole weight upon the valve; and 
if we conceive the whole weight of the lever to be 
concentrated in its centre of gravity, and acting 
with the leverage of the centre of gravity, the lever 
being uniform throughout its length, we have, since 
12 » the distance between the fulcrum and centre 
of gravity, 12 -r- 3 = 4, the leverage of the centre 
of gravity ; and 3 lbs. the weight of the lever, mul- 
tiplied by 4, gives 12 lbs. the weight that the lever 
will give upon the whole valve. 12 lbs. added to 
8 lbs. the weight of the valve, gives 15 lbs. the 
weight from both lever and valve ; and this, sub- 
tracted from 210 lbs. gives 195 lbs., the weight 
upon the valve from the action of the weight alone, 
independent of the weight of the lever ; and this, 
divided by the leverage, gives the weight. Thus, 
24 -*- 3 = 8 = leverage of the end of the lever; and 
195 ^ 8 gives 24J = 24-375 lbs. the weight put on 
at the end of the lever to give 30 lbs. per inch. 
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when the weight of the lever is taken into conside- 
ration. 

Now, this being determined, we must mark the 
lever in those points, where the above found weight 
will give 20 lbs. per inch, and also 10 lbs. per inch. 
This is found by inverting the above operation ; for 
you have the weight given, the valve, &c. to find 
the leverage ; and the leverage, multiplied by the 
distance between the fulcrum and valve, gives the 
distance from the fulcrum the given weight must be 
put. Thus 7 X 20 = 140 = whole weight upon the 
valve ; from this subtract 15 lbs., the weight from 
the valve and lever, and the remainder gives what 
the weight must put on = 125 lbs.; and this weight, 
divided by the given weight, 24'375 lbs., giveh 5*128 
= the leverage ; and 5*128 X 3 = 15*384 inches 
from the fulcrum, for 20 lbs. per inch. 

Now, to determine the distance from the fulcrum 
when there are 10 lbs. per inch, proceed as above. 
Thus, 7 X 10 = 70 lbs. upon the whole valve ; sub- 
tract from this again 15 lbs., the weight of the lever 
and valve, and 55 remains ; and 55 -r- 24*375 = 
2*256 = leverage ; and 2*256 X 3 = 6*768 inches 
from the fulcrum. 

Ex. 2. — Given the length of the lever 16 inches, 
and its weight 2 lbs. ; the distance between the ful- 
crum and valve 2 inches, and the weight of the 
valve and spindle 1^ lb.; to find what weight must 
be put on at the end of the lever to press 40 lbs. 
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per square inch upon the valve^ the diameter of 
which is 2 inches. 

The square of 2 is 4 ; hence, 

•7854 

4 i 



8*1416 ss area of the yalve, or number of square 

inches in it 
40 lbs. 



125*6640 lbs. =* weight on the whole valve. 

16 -*- 2 = 8 = leverage which the weight will 
have at«the end. 

Now, to consider half the weight of the lever to 
act at the end, is the same as to consider the whole 
weight of the lever to act at its centre of gravity, 
the lever being uniform. 

1 lb. =« half the weight of the lever. 
8 s leverage at the end of the lever. 

8 lbs. « weight on the whole valve from the 

action of the lever. 
1*5 lbs. » weight of valve, &c. 

9*5 lbs. = weight on the valve from the action 
of both lever and valve. 
125*664 
9*5 

'<116-164 

18* 
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That is, the weight put on at the end of the lever 
must he such as to press 116*164 lbs. on the whole 
valye ; hut the leverage of the weight is 8, there- 
fore one-eighth part of this weight will do. Thus, 
116'164 -5- 8 = 14*52 lbs. = weight which must be 
put on at the end to press 40 lbs. per inch upon the 
valve. Now, to mark the lever where we will have 
85 lbs., 80 lbs., 25 lbs., 20 lbs., &c. per square inch, 
we must proceed thus : — 

3*1416 = number of square inches in the area 

of the valve. 
85 



157080 
94248 

109*956 
9*5 



100*456 = weight on the valve from the action of 

the weight. 

And 100*456 -i- 14-52 = 6*918 =« the leverage 
which the weight must have ; and if this leverage 
be multiplied by the distance between the fulcram 
and valve, thus i-^— 

6*918 = leverage. 

2 = distance between the fulcrum and valve. 



13*836 = the distance along the lever from the 
fuIcrtOQl. # 
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16 ^ 18-886 = 2-164 inches « the distance which 
the weight must he moved in towards the valve. 

And if you want 80 lbs. per square inch, move it 
in 2-164 inches farther, and so on, as far as jou 
please, making the division always 2-134 inches. 

TABLES OF SAFETY VALVE LEVEBS. 

1. Diameter of the valve 4 inches, weight of 
the valve, &c. 8 lbs., length of the lever 24 inches, 
the distance between the fulcrum and valve 4 
inches, and the weight of the lever 8 lbs.; then the 
weight put on at the end of the lever, to give 80 
lbs. per square inch upon the valve, will be 58*332 
lbs., or 58 lbs. 5f oz. nearly.. 

For 10 lbs. pressure, dist. from fulcrum 6*765 inches.. 

20 lbs ,...,...15-382 inches. 

80 lbs 24 inches. 

2. Length of the lever 16 inches, distance be- 
tween the fulcrum and valve 2 inches, diameter of 
valve 2 inches, the weight of the lever 4 lbs., and 
weight of valve J lb.; it will require a weight of 
9*718.5 lbs. to be put on at the end of the lever to 
give 80 lbs. per square inch upon the valve; and 
the distances in inches which the weight must be 
from the fulcrum to give 10, 15, 20, 25, and 80 lbs. 
are respectively as Allow : — 
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10 lbs. 


16 lbs. 


20 lbs. 


2fflba 

<*• 


80 lbs. 


8068 


6-801 


9-534 


12-767 " 

• 


16 



If the weight be taken off from the lever^ then 
the weight on the valve from the action of the lever 
alone will give 5^ lbs. per Bqaare inch. 

JVbte.— 9-7185 lbs. is 9 lbs. llj oz. 

8. Weight of lever 4 lbs., and weight of -valve, &c. 
1 lb.; whole length of the lever 24 inches, distance 
between the falcrum and valve 8 inches, diameter 
of valve 8 inches, weight put on at the end 42*05375 
lbs. Distances from the fulcrum in inches : — 



10 lbs. 



8-8292 



20 lbs. 



8-8719 



80 lbs. 



40 lbs. 



13-9146 



18-9573 



50 lbs. 



24 



SHRINKAGE OF TIRE BARS. 

The general allowance- for. shrinkage is ^ of an 
inch to the foot of diameter of wheel -centre. 

Example. — Suppose we wish to turn a centre of 
driving wheel to fit a tire which is 5 feet the in- 
side diameter, equal to 188^ inches circumference ; 
then we must turn the centre^ larger in circum- 
ference, which is 18d| inchesiP 
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Shrinkage of Castings. 

In making all patterns of work, we make an al- 
lowance of \ inch larger per foot in cast iron ; for 
brass allow \ full. 

SPRING STEEL. 

I give the following result of experiment mode 
by me with spring steel. The bar made use of was 
supported on both extremities, and the weight sus- 
pended in the middle. The following are the re- 
sults : — Length between the fulcrum 2 feet ; width 
of bar 1 inch. 



Number of 
Experiments. 


Bendinc 
Weight 


Deflection. 


Thieknese 
of Bar. 


1 

2 


82 lbs. 
118 lbs. 




A 
A 



The table shows that the deflection was equal in 
both cases. At the same time it appears that the 
squares of the thickness are to each other as the 
bending weights, ^ = fj very near, thus conform- 
ing to the general theory. 

Far calculating the Radivs of a Curve when the 
Angle of Deflection and Chord are given. 

Railroad curves |^ always laid off with chords 
of 100 feet, and w^>ften find, when speaking of 



^ . ^ ^>t. '^fij 



J- 
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curves, the angle of deflection is merely given. 
Now to find the radios : 

5730 feet are a common radios, which is eqoal to 
ft deflection of 1®. 

Rule. — Divide the number of degrees deflected 
into 5730 ; the prodoct will be the radios of the 
corve. 

Example. — ^We have a corve with a deflection of 
6^, and the chord 100 feet. 

6)5730 

955 feet radios of corve^ Ans. 



< 
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Table of BevohUunu, per MUe, of Driving WheeU, and donr 
sumption of Steam, Water, and Fuel, for each sized Wheel; 
taking the Steam admitted to each Cylinder <is exactly one 
cubic foot at a gross pressuitfff 114*7 JJbs,, or 100 lbs, on the 
spring balance. 



Dsimro Whxxls. 


COITSUKPTIOir PKB MiLX. 

• 


IMame- 
ter. 


Cireiun^ 
ferenoe. 


ReTolv- 

tionaper 

Mile. 


Steam. 


Water. 


Wood. 


Anthrax 
cite 
CoaL 


Coke. 


Feet. 

8 

9 
10 


Feet 
9-4248 
11-0 
12-666 
14-187 
16-708 
17-278 
18-849 
20-420 
22-0 
28-662 
25-182 
26-708 
28-274 
29-846 
81-416 


Number. 

660-2 
480-1 
420-3 
878-4 
836-8 
805-6 
280-6 
258-6 
240-0 
224-0 
2101 
197-4 
186-7 
176-9 
168-0 


Cubic feet. 

2240 
1920-8 
1680-4 
1498-6 
1345-2 
1222-4 
1122 
1034-4 
960 
906 • 
840-4 
789-6 
745-8 
707-6 
672 


Pounds. 

478 

409-74 

858-45 

818-6 

286-94 

261-85 

239-33 

220-65 

204-78 

193-26 

179-27 

168-43 

159-1 

150-9 

148-85 


Pounds. 

119-5 
102-41 
89-61 
79-65 
71-73 
65-34 
59-83 
5514 
61-2 
48-31 
44-82 
4211 
39-8 
37-82 
86-84 


Pounds. 

76-33 

08-8 

59-76 

681 

47-82 

43-56 

39-89 

36-78 

34-13 

82-21 

29-88 

28 07 

26-5 

25-15 

28-89 


Founds. 

59-76 

51-22 

44-8 

89-8 

85-87 

82-67 

29-92 

27-58 

25-6 

24-16 

22-41 

21-06 

19-9 

18-9 

18- 



41 
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WXIOBTS REQUIRED TO CRUSH 80XE OF THE MORE IXPORTANT 

MATERIALS. 

1. Met&la. On the square incli. 

Cast iron 116813— 177776 lbs. 

Brass, fine 164864 

Copper, molten 117088 

Copper, hammered....: 108040 

Tin, molten ,»> .' 16466 

Lead, molten 7728 

2. Woods. 

Oak „ 8860—6147 

Pine 1928 

Finns syWestris 1606 

Elm 1284 

8. Stones. 

Gneiss 4970 

Sandstone, Rothenburg 2666 

Brick, well baked 1092 



THE MECHANICAL POWERS. 

Power is compounded of the weight or expansive 
force of a moving body multiplied into its vtr 
hcity. 

The power of a body which weighs 40 lbs., and 
moves with the velocity of 50 feet in a second, is 
the same as that of another body which weighs 80 
lbs., and moves with the velocity of 25 feet in a 
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second; -for the products of the respective weights 
and^velocities are the same. 

40 X 50 = 2000; and 80 x 25 = 2000. 

■ 

Power cannot he increased hy mechanical means. 

Power is applied to nHlDhanical purposes by the 
lever, wheel and axle, pulley, inclined plane, wedge, 
and screw, which are the simple elements of all 
machines. 

The whole theory of these elements consists sim- 
ply in causing the weight which is to be raised, to 
pass through a greater or a less space than the 
power which raises it ; for, as power is compounded 
of the weight or mass of a moving body multiplied 
into its velocity, a weight passing through a certain, 
space may be made to raise, through aie^s space, a 
weight heavier than itself. 

Power 18 gained at the es^ense of spa^Cy hy the 
lever^ the wheel and axle^ the pulley ^ the inclined 
plancy the wedge, and the screw. 

LEVER. 

Case 1. — When the fulcrum of the lever is fte- 
tween the power and the weight* 

Rule.— 7Divide the weight to be raised by the 
power to be applied ; the quotient will give the dif- 
ference of leverage Mcessary to support the weight 

in equilibrioi Hende^ a small addition either of 

If 
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leyenge or weight will cause the power to» prepon- 
derate. • 

ExAMPLB 1. — A ball weighing 8 tons, is to be 
raised by 4 meny who can exert a force of 12 cwt.: 
required the proportionate* length of lever ? 

60 
8 tons «■ 60 c«^ ^^^To f° 3* 

In this example, the proportionate lengths of the 
leyer to maintain the weight in equilibrio, are as 5 
to 1. If, therefore, an additional pound be added to 
the power, the power side of the lever will prepon- 
derate, and the weight will be raised. But, al- 
though the ball is raised by a force of only one- 
fifth of its weight, no power is gained, for the 
weight passes through only one-fifth of the sptMse. 
t^SFhe products, therefore, arising from the multipli- 
cation of the respective weights >and velocities are 
the same. 

Example 2. — ^A weight of 1 ton is to be raised 
with a lever 8 feet in length,, by a man who can 
exert, for a short time, a force of rather more than 
4 cwt. : required at what part <A the lever the ful- 
crum must be placed ? 

-— — --^=1 5; that is, the weight is to the power as 

g 

6 to 1 ; therefore, rTr\ = 1 foot and a third from 

the weight. . 

Example 3. — ^A weight of |d) lbs. is placed one 
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foot from the folcrum of a lever; required the 

power to raise the same when the length of the 

lever on the other side of the fulcrum is five feet ? 

40 X 1 ^ ,^ , 
— ^ — =^ Ihs., Ans. 

Case 2. — When the fulcrum is at one extremity 
of the lever and the potaifiHat the other. 

BuLE. — As the distance between the power and 
the fulcmm is to the distance between the weight 
and«the fulcrum, so is the efiect to the power. 

Example 1. — Required the power necessary to 
raise 120 lbs., when the weight is placed six feet 
from the power, and two feet from the fulcrum r 

As 8 : 2 : : 120 : 30 lbs., Ans. 

Example 2. — A beam, 20 feet in length, and 

supported at both etids, bears a weight of two tons 

at the distance of eight feet from one end ; required 

the weight on each support ? 

40cwt. xSfeet ^^ , , . 
20 £ » ' — ■■ lo cwt. on the support that is 

40 X12 
furthest from the weight ; and no f t ^ ^^ ^^** 

on the support nearest to the weight. 

WHEEL AND AXLE. 

BuLil. — As the radius of the wheel is to the ra- 
dius of the axle, so is the efiect to the power. 

Example. — ^A weight of 50 lbs. is exerted on the 
periphery of a wheel whose radius is 10 feet ; re- 
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* 

quired the weight raised at the extremity of a cord 
wound round the axle, the radius b^ing 20 inches. 
60 lbs. X 10 feet x 12 inches ^^^ „ 
20 inches- ^^^ ^^^' ^^'- 

PULLEY. 

Rule. — Divide the wei^t to be raised by twice 
the number of pulleys in the lower block ; the quo- 
tient will give the power necessary to raise the 
weight. 

Example. — What power is required to raise 600 

lbs., when the lower block contains six pulleys ? 

600 
g— 2 =» 60 lbs., Ans. 

INCLINED PLANE. 

Rule. — As the length of the plane is to its 
height, so is the weight to the power. 

Example. — Required the power necessary to 
raise 640 lbs. up an inclined plane, five feet long 
and two feetihigh. 

As 6 : 2 : : 640 : 216 lbs., Ans. 

WEDGE. 

Case 1. — When two bodies are forced from one 
another by means of a wedge^ in a direction parallel 
to its bach • 

Rule. — As the length of the wedge is to half its 
back or head, so is the resistance to' the power. 
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Example.— The breadth of the back or head of 
the wedge .being three inches, and the length of 
either of its inclined sides 10 inches, required the 
power necessary to separate two substances with a 
force of 150 lbs. 

As 10 : 1 J : : 150 : 22J lbs., Ans. 

Case 2^ — When only 6ne of ike bodies if movable. 

Rule. — As the length of the weight is to its 
back or head, so is the xesistance to the power. 

Example. — The breadth, length, and force, the 
same as in the last example. 

As 10 : 8 : : 150 : 45 lbs., Ans. 

SCREW. 

The screw ie an inclined plane, and we may sup- 
pose it to be generated by wrapping a triangle, or 
an inclined plane, round the circumference of a cy- 
linder. The base of the triangle is the circum- 
ference of the cylinder ; its height, the distance be- 
tween two consecutive cords or threads; and the 
hypothenuse- forms the spiral cord or inclined 
plane. 

Rule. — To the square of the circumference of 
the screw, add the square of the distance between 
two threads, and extract the square root of sum. 
This will give the length of the inclined plane ; its 
height is the distance between two consecutive 
cords or threads. 

17* 
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Tenel J. The following hints may be of use for the 
purpose of dimi^hing friction : 

The gudgeons of piTots and wheels shoald be 
made of polished iron, and the bushes or collars in 
which they move should be made of polished brass. 
In small and delicate machines, the pivots or knife 
edges should rest on garnet. ' Oilj substances di- 
mini:»h friction — swine's grease and tallow shoald 
be used for wood, but oil for metal. Black lead 
powder has been used with effect for wooden gud- 
geons. The ropes of pulleys should be rubbed with 
tallow. 

As to the friction of the mechania powers. The 
simple lever has no such resistance, unless the place 
of the fulcrum be moved during the operation. In 
the wheel and axle, the friction on the axis is nearly 
as the weight, the diameter of the axis, and the an- 
gular velocity — it is, however, very small. When 
the sheaves rub against the blocks, t)ie friction of 
the pulley is very great. In most, if not in all 
screws^ the friction of the screw is equal to the 
pressure — the square-threaded screw is the best. 

In the inclined plane, the friction of a rolling 
body is far less than that of a sliding one. 

To estimate the amount of the friction of a car- 
riage upon a railway, we have, 

P — = friction, 

iu which rule P signifies the power that will keep 
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the wagon on the plane, independent of friction ; T 
the time of descent without friction, — both of which 
are to be determined by the laws of the inclined 
plane given before: and t is the time of actual 
descent of the wagon or carriage. 

There is a loaded carriage on a railroad 120 feet 
in length, having an inclination of one foot to the 
hundred. The carriage, together with its load, 
weighs 4500 lbs. Now, the height of the plane 
may be 'found by the principles of geometry, from 
the proportion of similar triangles. 

100 : 120 : : 1 : 1-2 = the height of the plane ; and 

by the laws of falling bodies, and the properties of 

the inclined plane, 

1-2 

^ X 120 « -27*31 X 120 = 32-772 = the time 

in seconds in which the carriage would descend 
down the plane without friction — and by the pro- 
perties of the inclined plane, 100 : 1 : : 4500 : 45 = 
the force that sustains the carriage, without fric- 
tion, from rolling down the plane; wherefore, by 
the rule, 

45x32-772 
45 go = 20-421 = the friction in 

pounds, which retards the carriage in rolling down 
the railway. 



J 
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U* 


100 


62-80 


22-40 


60 


8800 


37-838 


98 


68-88 


22-626 


69 


89-49 


37-966 


96 


63-88 


22-858 


58 


01-03 


88-620 


97 


64-43 


23-092 


67 


92-63 


39-298 


96 


5600 


23-334 


66 


94-28 


40-0 


95 


55-60 


23-679 


55 


9600 


40-726 


94 


56-17 




64 


97-77 


-41-480 




66-77 


24-086 


63 


99-63 


42-264 


92 


57-52 


24-342 


62 


101-53 


43-076 


Bl 


6802 


24-614 


61 


103-52 


43-920 


90 


58-66 


24-888 


60 


105-60 


44-800 


es 


59-33 


25-168 


49 


107-75 


45-716 


88 


600 


25-464 


48 


110-00 


46-688 


87 


60-69 


25-746 


47 


112-84 


47-660 


86 


61-39 


26-046 


46 


115 04 


48-684 


86-16 


6'Z-OO 


26-303 


45 


117-33 


49-777 


85 


62-12 


26-353 


44 


120-0 


50-908 


B4 


62-86 


26-666 


43 


122-78 


62-092 




03-61 


26-988 


■ 42 


125-71 


63-383 


82 


64-39 


27-817 


41 


128-78 


64-B84 


81 


65-20 


27-718 


40 


132-00 


66-00 


80 


66 


28-00 


39 


135-38 


57-486 


79 




28-355 


38 


138-95 


68-944 


78 


67-69 


28-718 


37 


M2-70 


60-540 


77 


68-57 


20-090 


36 


146-66 


62-222 


76 


69-47 


29-472 


36 


150-84 


B4-0O0 


75 


70-40 


2y-867 


34 


155-30 


65'880 


74 


71-38 


30-270 


33 


.1600 


67-830 




72-32 


80-085 


82 


166-0 


70-0 


72 


78-38 


81-111 


81 


170-32 


72-216 


71 


74-88 


81-550 


80 


17600 


74-666 


70 


76-43 


82-000 


29 


182-00 


77-240 


69 


76-49 


32-464 


28 


188-56 


80-00 


66 


77-64 


82-940 


27 


196-66 


82-960 


67 


78-81 


33-932 




203-06 


86-162 


66 


80-0 


38-940 


25 


211-20 


89-60 


66 


81-23 


84-460 


24 




93-336 


64 


82-60 


850 


■iS 


229-6a 


97-368 


03 


83-81 


85-565 


22 


240 


101-816 


£2 


85-18 


36-108 




251-43 


100-666 


61 


86-65 


3C-720 
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COMPARATIVE ELASTICITY OP WROUaHT AND CAST 

IRON. 

An able work on tubular bridges gives the fol- 
lowing as the comparative elasticity of wrought and 
cast iron : — 

'^ The mean ultimate resistance of wrought iron 
to a forcd of compression, as useful in firactice, 
is twelve tons per square inch, while the crushing 
weight of cast iron is forty-nine tons per square 
inch, but for a considerable range, under equal 
weights, the cast iron is twice as elastic, or com- 
presses twice as much as the wrought iron. 

'^A remarkable illustration of the effect of in- 
tense strain on ^ast iron was witnessed by the au- 
thor, at the works of Messrs. Easton & Amos« The 
subject of the experiment was a cast-iron cylin- 
der ten and five-eighths inches thick, fourteen and 
a half inches high, the external diameter being 
eighteen inches. If requisite for a specific purpose 
to reduce the internal diameter three and a half 
inches, this was effected by the insertion of a 
smaller cast-iron cylinder into- the centre of the 
large one ; and to insure some initial strain, the 
large cylinder was expanded by heating it, and the 
internal cylinder being first turned too largej was 
thus powerfully compressed. The inner cylinder 
was partly filled with pewter, and a steel piston 
being fitted to the bore, a pressure of 972 ions was 
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put on the steel pision. The steel was ^ npset' by 
the pressure, tind the internal diameter of the small 
cylinder was increased by full three-sixteenths of 
an inch ; i, e. the diameter became 3^ of an inch ! 
A new piston was accordingly adapted to these di- 
mensions — and in this state the cylinder continues 
to be used, and to resist the pressure; the external 
layer of the inner cylinder was thus permanently 
extended '3^ of its length. In fact, it Can only 
be regarded as loose packing, giving no additional 
strength to the cylinder. Under these high press- 
ores, when, confined mechanically, cast iron, as well 
as other metals, appears, like liquids, to. exert an 
equal pressure in every direction in which its motion 
is opposed." 

LOSS PROM RESIStANCBS AGAINST THE PISTON, 

Produced by imperfect action of the ValveB4 

This is a branch of the subject deserving especial 
consideration. Its importance, as referring to the 
economical working of steam-engines, may be pro- 
fitably illustrated by a brief historical account of 
the consecutive alterations and improvements in the 
valve arrangements and mechanism of the locomo- 
tive engine, and of the results produced in the 
saving of fuel. 

It may be premised that the same principles have 
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■erend passmges in their turn. The two extreme 
onesy tenned steam ports, commiinicate with either 

Fig. 53.— Old Valve, ^ Lap. 




end of the cylinder. The middle one is termed the 
exhausting port, and its corresponding passage ter- 
minates in a pipe open to the atmosphere, and car- 
ried into the chimney. Steam is admitted freely 
into the steam-chest from the boiler. The valve is 
made of sufficient length to cover, when placed in 
the centre of the stroke, all the parts.. In this po- 
sition no steam can enter the cylinder ; but lis the 
valve moves on, one of the ports opens, and the 
arrangement of the valve-gearing is such, ihat when 
the piston is ready to begin its stroke, the steam- 
port begins to open. Daring the forward progress 
of the piston, -the yalve not only travels to the end 
of its stroke, 'bat returns to the point from whence 
it'Seit out. Its continued mqtion in the same direc- 
tiov^^ifiiially closes the valve, and prevents any 
further admission of steam. The steam has now done 
its work, and must be removed. In the middle of 
the valve a hollow chamber is formed, of sufficient 
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length to span between the ports. As soon as the 
edge! of this chamber parses the edge of the steam- 
port, the pent-up steam finds vent, and rushing 
through the chamber into the exhausting passage, 
escapes into the chimney. 

It will be observed, by referring to fig. 63, that 
the exhausting port opens whan the . steam-port 
closes, and both events happen as nearly as naay 
be at the end of the stroke. Jhe perfection of a 
slide valve consists, other things being supposed 
«qual, in the degree of nicety with which its motion 
is timed relatively to the motion of the piston. The 
functions of the pistoa are absolutely dependent 

* Fig. 54. f Lap. 




upon the proper timing of the admission and release 
of the steam. A most slight and apparently trifling 
error in the adjustment produces a most serious ef- 
fect upon the consumption of fuel. 

If from any cause the valve should open to admit 
steam for a fresh stroke before the preceding stroke 
is finished, it opens too soon, and an unnecessary 
resistance to the piston is produced. 

If, on the other hand, the valve should delay its 
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opening nntil the piston has begnn to return, it 
opens too late, becanse then the steam has uselessly 
to fill the space left Tacant. Hence a waste of 
steam and loss of power. As far, then, as the ad- 
mission of steam is concerned, it is a necessary coh- 
dition that the steam-ports should open neither be- 
fore nor after, bn^ at the precise moment when the 
stroke commences. Some engineers, indeed, have 
recommended giving the valve ^Mead,'' as it is 
termed ; that is to say, setting it so as to open a 
little before the completion of the foregoing stroke ; 
but it seems very questionable whether the slightest 
advantage is gained by doing so to a greater extent 
than is necessary to compensate for any slackness 
in the parts of the valve-gearing, or for their expan- 
sion when hot ; and about ^ of an inch may be con- 
sidered sufficient for this purpose in a well-con- 
structed engine. 

The valve shown in fig. 53 satisfies the condi- 
tions required in the admission of steam. It opens 
exactly at the right time. The steam begins to 
enter as the piston begins to move, and follows it 
steadily and effectively throughout its course. 
Whatever time the piston takes for its journey, the 
steam is allowed as much time to follow it. At first 
the opening is small ; but then the motion of the 
piston is comparatively slow, and therefore the sup- 
ply keeps pace with the demand. 

As respects the release of the steam when the 



LOSS FROM RESISTANCES. 213 

Stroke has been completed, the performance of this 
valve is altogether unsatisfactory, and here lurks 
the cause of the difference in the performances of 
the old and the late engines. 

But it might be said, the release does appear to 
take place at the right time, because it occurs just 
when the piston has- finished the stroke ; and if it 
were to occur before, a loss of power would ensue. 
This is a plausible view of the case, and one which 
undoubtedly delayed, for years, the saving of fuel 
which has since been effected.. 

'Sufficient attention was not bestowed upon the 
processes going on in the interior of the cylinder, 
or upon the facts which might have indicated them. 
Alternately to fill and empty the cylinder of its 
contents are operations requiring time. The time 
allowed for the first, operation — that of filling the 
cylinder with steam — necessarily corresponds with 
the duration of the stroke, whatever its duraition 
may be. But this cannot be the case as regards 
the second operation^-the emptying of the cylinder. 
This ought to be per^Drmed in an instant, in the 
minutest fraction of the duratioa of the stroke; 
otherwise the steam continues pent up when it 
ought to be liberated — when it ought to assume its 
minimum pressure, the pressure of the atmosphere — 
and exerts an injurious counter-pressure against the 
piston, tending to increase the resistance to be over- 
come. 
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To effect the free and rapid discharge, it is 
necessary not merely to open the communication to 
the exhausting pipe, but to open a wide passage, 
and to have this down by the time the piston re- 
commences its motion. The valTe alluded to cannot 
accompli^ this. Its motion is gradual, not instan- 
taneous. The passage only begins to open when 
the piston is in the turn, and it is not wide open 
until the piston has travelled through ^th of its en- 
tire stroke. The steam in the cylinder is conse- 
quently restrained from escaping, being wire-drawn 
in the passage out, and consequently takes con- 
siderable time to assume the pressure of the atmo- 
sphere. 

In the mean while the new stroke has begun, and 
been partially completed ; and so far the piston has 
had to contend with a resistance altogether illegiti- 
mate — a resistance which, in many cases, and espe- 
cially at high speeds, has been nearly equal to all 
the other resistances put together. 

In the year 1838 the extent of the disease was 
first suspected, and a remedy attempted. It had 
before been observed that the giving of an engine 
^Uead" tended to improve its speed when travelling 
already at a high speed, and with a light load. 
The circumstance was attributed to the opening of 
the steam-port being wide at the^ time of commenc- 
ing the stroke, thereby increasing the facility for 
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the entrance of the steam in follouiug up the 
piston. 

Its true explanation was found to be the earlier 
release of the waste steam, and consequent diminu- 
tion of resistance. As sometimes f ths of an inch, 
or even i an inch '4ead" was given in passenger 
engines, it was decided to try the effect of opening 
the exhausting passage earlier by the same amount, 
while the steam-port should still be made to open 
only, at the turn of the stroke. An engine was 
chosen for the experiment. Its original valve re- 
sembled fig. 53. Placing the valve on the ports, 
so jas to allow the exhausting passage to be f ths of 
an inch open, the steam-port would, at the same 
time, be ^ inch open. This space, therefore, was 
closed by adding to the length of the valve, at each 
end, ^ inch. The eccentric was, of course, shifted 
on the axle to correspond with the alteration, and 
the engine with the altered valve (Fig. 54) was 
again set to work. The amount by which the valve 
at each end overlaps the steam-ports, when placed 
exactly over them, is technically termed the lap. 
The lap of the valve being then fths of an jnch, the 
exhausting passage was about fths of an inch open 
when the stroke was finished. The engine was 
made the subject of several experiments. With 
passenger trains the saving in fuel was very con- 
siderable, the consumption, while running, being 
only about 25 lbs. of coke per mile, with loads of 
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five to eight cars, and the speed was considerably 
improved. 

It here becomes necessary to refer to the con- 
sumption of the Liverpool and Manchester engines 
before and at the time we i^eak of, in order to form 
a just conception of the position arrived at. 

In 1836 and 1887, larger engines were gradually 
introduced to replace the smaller class, which had 
become insufficient for maintaining the higher rate 
of speed then demanded ; and their increased con- 
sumption of fuel was commensurate with their in- 
crease of size. 

For an idea of the general effect attendant upon 
their introduction, the following table, showing the 
coke consumed in several consecutive years, may be 
consulted. 

11,561 trips in 1836, 7,907 tons (gross) coke. 

12,063 trips in 1837, 9,876 tons (gross) coke. 

12,953 trips in 1838, 10,816 tons (gross) coke. 

Thus, during three years, when the change went 
on, although the work done increased only, in the 
proportion of 100 to 136, without material differ- 
ence in the magnitude of the loads, in 1839 and 
1840 the average consumption attained its maxi- 
mum, being about 49 lbs. per mile, gross, with pas- 
senger trains averaging seven cars, and 54 lbs. per 
mile with freight trains averaging sixteen burthen 
cars. 

40 lbs. net consumption witli passenger trains^ 
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was moderate for such an engine used for the expe- 
riment ; and the performance of the engine when al- 
teredy being under 30 lbs. net, was naturally con- 
sidered favourable. This result was evidently ob- 
tained from the earlier exhaustion of the steam. 

Whereas previously the opening of the exhaus- 
tion passage was contemporaneous with the termi- 
nation of the stroke ; now it took place before, and 
was already fths of an inch open at the end of the 
stroke. A portion of the steam could by that 
time escape, and the back pressure was diminished. 

The valves of two engines, Nos. 10 and 12, 
were next altered to have fths of an inch lap-— No. 
lA in January, No. 12 in June, 1841. During the 
last quarter of the year 1841, the gross consump- 
tion of Ko. 10 was 36^ lbs. per mile, and that of No. 
12 40 lbs. per mile, and the net consumption about 
80 and 33 lbs. 

No. 12 Valve, with %th9 of an inch Lap. 

i Coke. 

Week ending cwt. qrs. lbs. 

Jan. 4, 1841^ 12 trips of 30 miles, 130 

Jm. 11, 1841, 12 trips of 30 mUes, 127 2 . Per Trip. 

— . owt qrs. lbs. per|nile. 

24 257 2 = 10 2 25=40*1 

* 

Valffe with ^tha of an inch Lap. 

FeVry 9, 1841, 10 trips of 30 miles, 88 3 

Hareh 7,1841, 8 trips of 30 miles, 71 1 

Majrob21,1841,14tripsof30mUes,U8 3 

March 28, 1841, 16 trips of30 miles, 137 2 

48 trips. 410 1 = 8 2 10 = 3S*4 

19 Biffsrenee 7*7 
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DIMENSIONS OP PARTS OP LOCOMO- 
TIVES. 

Diameter of Cylinder, — In locomotive engine? 
the diameter of the cylinder varies less than in 
either the land or the marine engine^ In few of 
the locomotive engines at present in use is the 
diameter of the cylinder greater than 18 inches, or 
less than 12 inches. The length of the stroke of 
nearly all the locomotive engines at present in use 
is 18 inches, and there are always two cylinder^, 
which are genially connected to cranks upon the 
axle, standing at right angles with one another. 
Outside cylinders, operating upon pins in the driv- 
ing wheels, have latterly been largely introduced. 

AREA OF INDUCTION PORTS. 

Rule. — To find the size of the steam-ports for 
the locomotive engine. — Multiply the square of the 
diameter of the cylinder by '068. The product is 
the proper size of the steam-ports in square inches. 

Example. — Required the proper size of the 
steam-ports of a locomotive engine whose diameter 
is 15 inches. Here, according to the rule, size of 
steam-ports = -068 X 15 x 16 = -068 x 226 = 15-3 
square inches, or between lb\ and 15^ squure 
indi68. 
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After, having determined the area of the ports, 
we to^y easily find the depth when the length is 
given, or| donversely, the length when the depth is 
given: Then, suppose we know the length was 8 
inches, then we find that the depth should be 15*3 
-4- 8 == 1*9125 inches, or nearly -2iinohes ; or sup- 
pose we knew the depth was 2 inchea, then we 
would find that the length was 15*3 -h 2 = 7*65 
inches, or nearly 7f inches. 

Area of eduction ports, — The proper area for 
the eduction ports may be found from the follow- 
ing rule. 

Rule. — To find the area of the eduction porta, — 
Multiply the square of the diameter of the cylinder 
in inches by '128. The product is the area of the 
eduction ports in square inches. 

Example, — Required the area of the eduction 
ports of a locomotive engine, when the diameter of 
the cylinders is 13 inches. In this example we 
have, according to the rule, area of eduction port 
» -128 X 13? « -128 X 169 = 21-632 inches, or be- 
tween 21^ and 21f square inches. 

Breadth of bridge between ports, — The breadth 
of the bridges between the eduction port and the 
induction ports is usually between f inch and 1 
inch. 

DIAMETER OF BOILER. 

Rule. — To find the inside diameter of the boiler, — 
Mul^ly the diameter of the cylinder in inches by 
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8*11. The product is the inside diameter of the 
boiler in inches. 

Example. — Required the inside diameter of the 
boiler for a locomotire engine, the diameter of the 
cylinders being 15 inches. 

In this example we have, according to the Tule, 
inside diameter of boiler = 15 X 3*11 = 46-65 
inches, or about 3 feet lOf inches. 

Length of boiler, — In the Northern and Eastern 
Counties Railway the length of the boiler is 8 feet ; 
while in the North Midland Counties Railway, in 
the Great Western Railway, and in the Hartlepool 
Railway, the length of the boiler is 8| feet. In 
the Belgian railways the length of the boiler is 8 
feet 2 inches. And in the Bordeaux and La Teste 
railway the length of the boiler is 8 feet 9 inches. 
In Stephenson's locomotive engines, the length of 
the boiler is between 11 and 12 feet. In this coun- 
try the length is from 10 to 14 feet. 

Diameter of steam dome inside. — It is obvious 
that the diameter of the steam dome may be varied 
considerably, according to circumstances; but the 
first indication is to make it large enough. It is 
usual, however, in practice, to proportion the diame- 
ter of the steam dome to the diameter of the cylin- 
der ; and there appears to be no great objection to 
this. The following rule wiH be found to give the - 
diameter of the dome usually adopted in prac- 
tice. 
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Rule. — To find the diameter of the steam dome. — 
Multiply the diameter of the cylinder in inches by 
1*43. The product is the diameter of the dome in 
inches. 

Height of steam dome, — The height of the steam 
dome may vary. Judging from practice, it appears 
that a uniform height of 2 J feet would answer very 
weH. - 

Diameter of safety-valve. — ^In practice the diame- 
ter of the safety-valve varies considerably. The 
following rule gives the diameter of the safety-valve 
usually adopted in practice. 

BuLE. — To find the diameter of the safety-valve. — 
Divide the diameter of the cylinder in inches by 4. 
The quotient is the diameter of the safety-valve in 
inches. 

Example. — ^Required the diameter of the safety- 
valves for the boiler of a locomotive engine, the 
diameter of the cylinder being 13 inches. Here, 
according to the rule, diameter of safety-valve » 13 
■4- 4 ■« 8J inches. A larger size, however, is pre- 
ferable, as being less likely to sticL 

Diameter of valve spindle. — The following rule 
wiU be found to give the correct diameter of the 
valve spindle. It is entirely founded on practice. 

Rule. — To find the diameter of the valve spin- 
dle. — ^Multiply the diameter of the cylinder in 
inches by -OTe. The product is the proper diame- 
ter of the valve spindle. 

19* 
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Example, — Required the diameter of the Talve 
spindle for a locomotiTe engine whose cylinders' 
diameters are 13 inches. 

In this example we hare, according to the rule, 
diameter of valve spindle =» 13 X -076 = -988 
inches, or very nearly 1 inch. 

Diameter of chimney. — It is usual in practice to 
make the diameter of the chimney equal to the 
diameter of the cylinder. Thus, a locomotive en- 
gine whose cylinders' diameters are 15 inches, 
would have the inside diameter of the chimney also 
15 inches, or thereabouts. This rule haS;^ at least, 
the merit of simplicity. 

Area of fire-grate, — The following rule deter- 
mines the area of the fire-grate usually given in 
practice. We may remark, that the area of the 
fire-grate in practice follows a more certain rule 
than any other part of the engine appears to do; but 
it is in all cases much too small, and occasions a 
great loss of power by the urging of the ^ blast it 
renders necessary, and a rapid deterioration of the 
furnace plates from excessive heat. There is no 
good reason why the furnace should not be nearly 
as long as the boiler : it would then resemble the 
furnace of a marine boiler, and be as manageable. 

Rule. — To find the area of fire-rgraie. — Multiply 
the diameter of the cylinder in inches by '77. The 
product is the area of the fire-grate in superficial 
feet. 
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Example. — Required the area of the fire-grate 
of a }ocomotiye engine, the diameters of the cylin- 
ders being 15 inches. 

In this example we have, according to the rule, 
area of fire-grate = '77 X 15 = 11*55 square feejb, 
or about 11^ square feet. Though this rule, how^ 
CTer, represents the usual practice, the area of the 
fire-^rate should not be contingent upon the size of 
the cylinder, but upon the quantity of steam to be 
generated. 

Area of heating surface, — In the construction of 
a locomotive engine, one great object is to obtain a 
boiler which will produce a sufficient quantity of 
steam with as little bulk and weight as possible. 
This object is admirably accomplished in the con- 
struction of the boiler of the locomotive engine. 
This little barrel of tubes generates more steam in 
an hour than was formerly raised from a boiler and 
fire occupying a considerable house. This favoura- 
ble result is obtained simply by exposing the wat^r 
to a greater amount of heating surface. 

In the usual construction of the locomotive boiler 
it is obvious that we can only consider four of the 
six faces of the inside fire-box as effective heating 
surface, viz. the crown of the box, and the three 
perpendicular sides. The circumferences of the 
tubes aiie also effective heating surface'; so that the 
whole effective heating surface of a locomotive boiler 
may be considered to be the four faces of the inside 
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fire-box, plus the sum of the surfaces of the tubes. 
Understanding this to be the effectiTe heating sur- 
face, the following rule determines the average 
amount of heating surface usually given in prac- 
tice. 

Rule. — To find the effective heating surface, — 
Multiply the square of the diameter of the cylinder 
in inches by 5; divide the product by 2. The 
quotient is the area of the effective heating surface 
in square feet. 

Example, — Required the effective heating sur- 
face of the boiler of a locomotive engine, the diame- 
ters of the cylinders being 15 inches. 

In this example we have, according to the rule, 
effective heating surface =» 15* X 5 -5- 2 » 225 X 5 
-J- 2 = 1125 -«- 2 = 562J square feet. 

According to the rule which we have given for 
the fire-grate, the area of the fire-grate for this 
boiler would be about 11 J square feet. We may 
suppose, therefore, the area of the crown of the box 
to be 12 square feet. The area of the thre^ per- 
pendicular sides of the rnside fire-box is usually 
three times the area of the crown; so that the effec- 
tive heating surface of the fire-box is 48 square 
feet. Hence the heating surface of the tubes. »» 
626*5 — 48 a= 478*5 square feet. The inside diame- 
ters of the tubes are generally about If inches ; and 
therefore the circumference of a section of these 
tubes is 5*4978 inches. Hence, supposing the tube 
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to be.8J feet long, the surface of one = 5*4978 X 
8J -^ 12 =45815 X 8J = 3-8943 square feet. 
And, therefore, the number of tubes = 478*5 -f- 
8.8943 = 123 neurly. 

Area of water-devet — This of course varies with 
the different circumstances of the boiler. The 
average area may be found' from the following rule. 

Rule. — To find the area of the water-level, — 
Multiply the diameter of the cylinder in ipohes by 
2"08. The product is the area of the water-level in 
square .feet. 

ExUmple, — Required the area of the water-level 
for a locomotive engine, whose cylinders' diameters 
are 14 i^iches. 

In this case we have, according to the rule, area 
of water-level = 14 x 2-08 = 29-12 square feet. 

Cubical^ content of water in boiler. — This of 
courde varies, not only in different boilers, but also 
in the same boiler at different times. The follow- 
ing rule is supposed to give the average quantity 
of water in the boiler. 

Rule. — To find the cubical content of the water 
in the boiler. — Multiply the square of the diameter 
of the cylinder in inches by 9 ; divide the product 
by 40. The quotient is the cubical content of the 
water in the boiler in cubic feet. 

Example, — Required the average cubical content 
of the water in the boiler of a locomotive engine, 
the diameters of the cylinders being 14 inches. 
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In this example we have, according to the rule, 
cubical content of water = 9 X 14' -i- 40 "■ 44*1 
cubic feet. 

Content of feed-pump. — In the locomotive engine 
the feed-pump is generally attached to the cross- 
heady and consequently it has the same stroke as 
the piston. As we have mentioned before, the 
stroke of the locomotive engine is generally in 
practice 18 inches. Hence, assuming the stroke of 
the feed-pump to be constantly 18 inches, it ooly 
remains for us to determine the diameter of the 
ram. It may be found from the following rule. 

Rule. — To find the diameter of the feed-pump 
ram. — Multiply the square of the diameter of the 
cylinder in inches by 'Oil. The product is the 
diameter of the ram in inches. 

Example. — Required the diameter of the ram for 
the feed-pump for a locomotive engfne whose diame- 
ter of cylinder is 14 inches. 

In this example we have, according to the rule^ 
diameter of ram = -Oil X 14* = -Oil X 196 « 2-156 
inches, or between 2 and 2^ inches. 

Cubical content of steam room, — The quantity of 
steam in the boiler varies not only for different 
boilers, but even for the same boiler in different cir- 
ourostances. But when the locomotive is in motion, 
there is usually a certain proportion of the boiler 
tilled with the steam. Including the dome and the 
steam-pipe, the content of the steam room will be 
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foand usually to, be somewhat less than the cubical 
content of the water. But as it is desirable that it 
should be increased, we give the following rule. 

Bulb. — To find tJie cubical content of the steam 
room. — Multiply the squskre of the diameter of the 
cylinder in inches by 9 ; divide the product by 40. 
The quotient is the cubical content of the steam 
room in cubic feet. 

Example. — Required the cubical content of the 
steam room in a locomotive boiler, the diameters of 
the cylinders being 12 inches. 

In this example we have, according to the rule, 
cubical content of steam room = 9 X 12* -i- 4(/ -« 9 
X 144 -5- 40 = 32.4 cubic feet. 

Cubical content of inside fire-box above fire-bars. — 
The following rule determines the cubical content 
of fire-box usually given in practice. 

Rule. — To find the cubical content of inside fire- 
box above ^re-Jar^.-:— Divide the square of the dia- 
meter of the cylinder in inches by 4. The quotient 
is the content of the inside fire-box above fire-bars 
in cubic feet. 

Example. — ^Required the content of inside fire- 
box above fire-bars in a locomotive engine, when the 
diameters of the cylinders are each 15 inches. 

In this example we have, according to the rule, 
content of inside fire-box above fire-bars = 16' -r- 4 
= 225 -^ 4 « 66i cubic feet. 

Thickness of the plates of boiler.-An general the 
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thickness of the plates of the locoxpotive boiler is 
9*32 inch, or No. 8 wire-gage. 

Inside diameter of steam-pipe. — The diameter 
usually given to the steam-pipe of. the locomotive 
engine may be found from the following rule. 

Bulb. — To find the diameter of the steam-pipe of 
the locomotive engine. — Multiply the square of the 
diameter of the cylinder in inches by '03. The 
product is the diameter of the steam-pipe in inches. 

Example. — Required the diameter of the steam- 
pipe of a locomotive engine, the diameter of the 
cylinder being 13 inches. Here, according to the 
rule, diameter of steam-pipe = '03 X 13* = r03 X 
169 = 6 '07 inches ; or a very little more than 6 
inches. The steam-pipe is usually made too small 
in engines intended for high speeds. 

Diameter of branch steam-pipes. — The following 
rule gives the usual diameter of the branch steam- 
pipe for locomotive engines. 

Rule. — To find the diameter of the branch steam- 
pipe for the locomotive engine. — Multiply the square 
of the diameter of the cylinder in inches by •021. 
The product is the diameter of the branch steam- 
pipe for the locomotive engine in inches. 

Example. — Required the diameter of the branch 
steam-pipes for a locomotive engine, when the cylin- 
ders' diameter is 15 inches. Here, according to 
the rule, diameter of branch pipe = '021 X 16* = 
•021 X 226 » 4*726 inches, or about 4| inches. 
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Diameter of top of blast-pipe, — The diameter of 
the. top of the blast-pipe may be found from the 
following rule. 

Rule. — To find the diameter of the top of the 
bUut-jnpe, — Multiply the square of the diameter of 
the cylinder in inches by '017. The product is the 
diameter of the top of the blast-pipe in inches. 

Example, — The diameter of a locomotive engine 
is 13 inches ; required the diameter of the blast-pipe 
at top. Here, according to the rule, diametez: of 
blast-pipe at top = -017 X 13^ = -017 x 169 = 
2*873 inches, or between 2f and 3 inches ; but the 
variable exhaust is now generally used. 

Diameter of feed-pipes. — There appears to be no 
theoretical considerations which would lead us to 
determine exactly the proper size of the feed-pipes. 
Judging from practice, however, the following rule 
will be found to give the proper dimensions. 

Rule. — To find the diameter of the feed-pipes, — 
Multiply the diameter of the cylinder in inches by 
•141. The product is the proper diameter of the 
feed-pipes. 

jKrampZe.-»-Required the diameter of the feed- 
pipes for a locomotive engine, the diameter of the 
cylinder being 15 inches. 

In this example we have, according to the rule, 
diameter of feed-pipe = 16 X 441 = 2*116 inches, 
or between 2 and 2^ inches. 

Diameter of piston-rod. — The diameter of the 

20 
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piston-rod for the locomotive engine is usually 
about one-seventh the diameter of the cylinder. 
Therefore, 

Rule. — To find the diameter (f the piston-rod for 
the locomotive cm^m«.— Divide the diameter of the 
cylinder in inches by 7. The quotient is the diame- 
ter of the piston-rod in inches. 

Example, — The diameter of the cylinder of a 
locomotive engine is 15 inches, required the diame- 
ter of the piston-rod. Here, according to the rule, 
diameter of piston-rod =« 15 -*- 7*= 2j inches. 

Thickness of piston.— -The thickness of the piston 
in locomotive engibes is usually about two-sevenths 
of the diameter of the cylinder. Therefore, . 

Rule. — To find the thickness of the piston in the 
locomotive engine. — Multiply the diameter of the 
cylinder in inches by 2 ; divide the product by 7. 
The quotient is the thickness of the piston in inches. 

Example, — The diameter of the cylinder of a 
locomotive engine is 14 inches, required the thick- 
ness of the piston. Here, according to the rule, 
thickness of piston = 2xl4-f-7=4 inches. 

Diameter of connecting-rods at middle. — The fol- 
lowing rule gives the diameter of the. connecting- 
rod at middle. The rule is entirely founded on 
practice. 

Rule. — To find the diameter of the connecting- 
rod at middle of the locomotive engine. — Multiply 
the diameter of the cylinder in inches by *21. The 
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product is the diameter of the connecting-rod at 
miadle in inches. 

Example. — Required the diameter of the con- 
necting-rods at middle for a locomotive engine, the 
diameter of the cylinders being 12 inches. 

For this example we have, according to the rule, 
diameter of connecting-rods at middle = 12 x *21 
» 2*52 inches, or 2^ inches. 

Diameter of hall on croBB-head spindle. — The 
diameter of the ball on the cross-head spindle may 
be found from the following rule. 

Rule. — To find the diameter of the hall on croas- 
head spindle of a locomotive engine. — Multiply the 
diameter of the cylinder in inches by *23. The 
product is the diameter of the ball on the cross- 
head spindle. 

Example. — Required the diameter of the ball on 
the' cross-head spindle of a locomotive engine, when 
the diameter of the cyliifder is 15 inches. Here, 
according -to the rule, diameter of ball » *23 X 15 
as 3*45 inches, or nearly 3 J inches. 

Diameter of the inside hearings of the crank- 
axle. — It is obvious that the. inside bearings of the 
crank-axle of the locomotive engine correspond to 
the paddle-shaft journal of the marine engine, and 
to the fly-awheel shaft Journal of the land engine. 
We may conclude, thereforf , that the proper diame- 
ter of these bearings ought to depend jointly upon 
the length of the stroke and the diameter of the 
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cylinder. In tbe locomotiye engine the strok;^ is 
usually 18 inches, so that we may consider that the 
diameter of the bearing depends solely upon the 
diameter of the cylinder. The following rule will 
give the diameter of the inside bearing. 

Rule. — To find the diameter of the inside bear- 
ing for the locomotive engine. — ^Extract the cube 
root of the square of the diameter of the cylinder 
in inches ; multiply the result by "96. The product 
is the proper diameter of the inside bearing of the 
crank-axle for the locomotive engine. 

Diameter of plain part of erank-axle. — ^It is usual 
to make the plain part of crank-axle of the same 
sectional area as the inside bearings. 

Rule. — To determine the diameter of the plain 
part of crank-axle for the locomotive engine. — Ex- 
tract the cube root of the square of the diameter of 
the cylinder in inches ; multiply theresult by '96. 
The product is the proper diameter of the plain 
part of the crank-axle of the locomotive engine in 
inches. 

Diameter of the outside hearings of the crank- 
axle, — The crank-axle, in addition to resting upon 
the inside bearings, is sometimes also made to rest 
partly upon outside bearings. These outside bear- 
ings are added only for the sake of steadiness, and 
they do not need to be so strong as the inside bear- 
ings. The proper size of the diameter of these 
bearings may be found from the following rule. 



- VJ 
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Rule. — To find the diameter of outside hearings 
for the locomotive engine. — Multiply the square of 
the diameter of the cylinders in inches by *396 : 
extract the cube root of the product. The result is 
the diameter of the outside bearings in inches. 

Diameter of crank-pin. — The following rule gives 
the proper diameter of the crank-pin. It is obvious 
that tl^e crank-pin of the locomotive engine is not 
altogether analogous to the crank-pin of the marine 
or land engine, and, like them, ought to depend 
upon the diameter of the cylinder, as it is usually 
formed out of the solid axle. 

B»ULE. — To find the diameter of the crank-pin for 
the locomotive engine. — Multiply the diameter of 
the cylinder in iAches by *404. The product is the 
diameter of the crank-pin in inches. 

Example, — Required the diameter of the crank- 
pin of a locomotive engine whose cylinders' diame- 
ters are 15 inches. 

In this example we have, according to the rule, 
diameter of crank-pin » 15. X *404 » 6.06 inches, 
or about 6 inches. 

Lengtik of cranJc-^in. — The length of the crank- 
pin usually given in practice may be found from the 
following rule. 

Rule. — To find tkejengtk of the crank-pin. — 
Multiply the diameter of the cylinder in inches by 
•233. The product is the length of the crank-pins 
in inches. 
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The part of the crank-axle answering to the 
crank-pin ia usually rounded very much at the cor- 
ners, both to give additional strength and to pre- 
vent side play. 

Thescy then, are the chief dimensions of locomo- 
tive engines, according to the practice most gene- 
rally followed. The establishment of express trains 
and the general exigencies of steam locomotion are 
daily introducing innovations, the effect of which is 
to make the engines of greater size and power ; but 
it cannot be said that a plan of locomotive engine 
has yet been contrived that is free from grave ob- 
jections. The most material of these defects is the 
necessity that yet exists of expending a large pro- 
portion of the power in the production of a draft ; 
and this evil is traceable to the inadequate area of 
the fire-grate, which makes an enormous rush of air 
through the fire necessary to accomplish the com- 
bustion of the fuel requisite for the production of 
the steam. To gain a sufBcient area of fire-grate 
an entirely new arrangement of engine must be 
adopted ; the furnace must be greatly lengthened, 
and perhaps it may be found that short upright 
tubes may be introduced with advantage. Upright 
■ tubes have been found to be more effectual in rais- 
ing steam than horizontal tubes ; but the tube-plate 
in the case of the upright tubes would be- more 
liable to burn. 
" We here give the preceding rules in formulae, in 
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the belief that those well acquainted with algebraic 
symbols prefer to have a rule expressed as a for- 
mulae, as they can thus iiee at once the different 
operations to' be performed. In the following for- 
mulae we denote the diameter of the cylinder in 
inches by D. 

ParU of the Cylinder. 

Area of induction ports, in square inches ^ '068 
Xl>«. 

Area of eduction ports, in square incheH » *128 
X D«. 

Breadth of bridge between ports between f inch 

and 1 inch. 

Parts of Boiler, 

Diameter of boiler, in inches »» 3.11 x D. 

Length of boiler between 8 feet and 12 feet. 

Diameter of steam dome inside, in inches » 1*43 
xD. 

Height of steam dome ~ 2^ feet. 

Diameter of safety-valve, in inches = 0-1-4. 

Diameter of valve-spindle, in inches =* -076 X D. 

Diameter of chimney, in inches » D. 

Area of fire-grate, in square feet = "77 X D. 

Area of heating-surface, in square feet » 5 'X 
D»^2. 

Area of wMer-level, in square feet =» 2.08 X D. 
Cubical content of water in boiler, in cubic feet 
= 9xiD^-h40. 
Diameter of feed-pump ram, in inches «= 'Oil x D^ 
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Cubical content of steam room, in cubic feet = 9 
xD»-i-40. 

Cubical Content of inside fire-box above fire-bars, 
in cubic feet =* D' -s- 4. 

Thickness of the plates of boiler ~ } inch. 

Dimensions of several Pipes. 
Inside diameter of steam-pipe, in inches « *08 

Inside diameter of branch steam-pipe, in inches 
- -021" X D*. 

Inside diameter of the top of blast-pipe =» '017 
XD«. 

Inside diameter of the feed-pipes = 'Ml X D. 

Dimensions of several moving Parts. 

Diameter of piston-rod, in inches = D -r- 7. 

Thickness of piston, in inches = 2 D -5- 7. 

DiaHieter of connecting.-rods at middle, in inches 
« -21 X D. 

Diameter of the ball on cross-head spindle, in 
inches = '23 X D. 

Diameter of the inside bearings of the crank- 
axle, in inches = '96 X ^ D^ 

Diameter of the plain part of crank-axle, in 
inches = -96 X ^m 

Diameter of the outside bearings of the crank- 
axle, in inches = ^"^^896~xT?. 

Diameter of crank-pin, in inches == '404 X D. 

Length of crank-pin, in inches *=« '233 X D. 
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The following simple rules I have always made 
use of in the construction of locomotives, and the 
result of their performances proves" most fully that 
my theory is correct, having never failed in one 
single instance in the performance of an engine, 
and having drawn the heaviest load ever drawn by 
a single locomotive in the world. The "Philadel- 
phia" hauled a load of 1268 tons from Pottsville to 
Richmond — 94 miles — 158 coal cars, containing 760 
tons of coal. The train was 2020 feet in length. 
The load was started and drawn through curves of 
750 feet radius, at a rate of 10 miles per hour, 
the engine only weiging 15j^ tons. The engine 
was upon 6 wheels, with my patent flexible vibrating 
truck, coupled, 42 inch diameter, cylinder 14^ x 22. 

To find the capacity of boiler. — For every cubic 
inch of cylinder, make 13 square inches of fice sur- 
face, |th of which must be in fire-box, fths in tubes. 

For area of steam-ports on valve face. — Divide 
the area of cylinder by 12, which will be the re- 
quired area, making the ports never less than 1 
inch, nor more than 1 J. 

For area of exhaust on valve /a<?e.— Multiply the 
arda of steam-ports by 2*06. For steam pipe make 
it equal to area of steam-port. For large steam 
pipe^ 1^ the area of steam-port. For ezhaiut^mske 
it equal to area of exhaust opening on face of cylin- 
der. For high speeds^ lap one inch, lead ^th. 
Slow speed freight engine^ lap \ inch, lead ^hs. 
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LOCOMOTIVE ENGINES. 

Getieral Features of the Boiler. 

The boiler is the most important part of a loco- 
motive engine, and the useful effect of the machine 
depends in a great degree on the boiler being capa- 
ble of generating the requisite quantity of pure 
steam, without requiring the draught t>f air and 
flame through the fire and tubes to be accelerated 
or forced excessively. The fire-box is that part of 
the boiler in which the heat is generated and par- 
tially absorbed, the remaining absorption taking 
place in the flue tubes, which convey the products 
of combustion from the fire, through the water, to 
the smoke-box, whence they are dissipated in the 
atmosphere. Of course, the more nearly these pro- 
ducts of combustion, at their entrance into the 
chimney, are found to have been cooled down to 
the temperature of the water in the boiler, the more 
economical in fuel the boiler will, caeteris paribus^ 
be. To obtain the utmost economy in this way, the 
superficial surface of the tubes has been increased 
to the utmost extent, by enlarging the diameter 
and increasing the number and size of the tubes. 
The boiler of Bury's 14-inch* engine contains 92 
tubes of 2^ inches external diameter, and 10 feet 6 

* This dimension is Hie diameter of cylinder, by which di- 
mennon looomotiTes are distinguished. 
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inches long ; the boiler of Stephenson's 15-inch en- 
gine contains 150 tubes of If inch external diame- 
ter, and 13 feet 6 Inches lon^. It will therefore be 
seen that the superficial surface in Bury's tubes is, 
comparatively, rather small, but jet the production 
of steam is found to be sufficiently copious, with a 
blast-pipe of rather more than the average diame- 
ter ; on the other hand, notwithstanding its great 
surface, Stephenson's boiler is found to require a 
smaller blast-pi|)e than usual. It seems highly pro- 
bable that the extra intensity of blast requisite in 
the latter case consumes so much power to produce 
it, as completely to countervail the economy of fuel 
CQnsequent on the very complete abstraction of the 
heat, by the great length of tubes in proportion to 
their diameter. 

In an experiment tried by Mr. Stephenson, the 
heating surface of the fire-box, where the heat is re- 
ceived by radiation, was found to be more efiectual 
than the tube surface, where the heat is received 
by conduction, in the ratio of 1 to 3, and hence the 
heating surface of a locomotivd is sometimes esti- 
mated as the surface of the furnace plus one-third 
that of the tubes. . 

-The shell, which is cylindrical, is attached to the 
spdoke-box and fire-box by angle-iron ; the end of 
the shell next the smoke-box is closed entirely by 
the tube-plate, but at the smoke-box end the water 
has free access quite round the internal ^re-box. 
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one Bide of which forms the tube-plate. The shell, 
external fire-box, and the smoke-box are -always of 
iron, the thickness of plate being ^th in. in ordi-. 
nary boilers of 3 feet 4 in. in diameter, though in 
some cases it is f in.; the pitch of rivets is 1| in., 
and the diameter, of rivets }Jth in. The shell is 
sometimes made with flush joints, a band of iron 
covering the joint attached by two tow%^ irivets. 
The boiler plates should have their fibres running 
round the boiler instead of in the direction of its 
length, as the plate is somewhat stronger in that 
direction. The boiler is secured endwise by longi- 
tudinal stays, which are fastened by cutters ta jaws 
attached to the end plates. 

The blast-pipe is the eduction pipe diminished 
in area at the mouth to such a degree as to cause 
the steam to issue with a great velocity, whereby a 
powerful draught through the fire is maintained by 
the isteam rushing up the chimney. The area of 
the mouth of the blast-pipe varies in different en- 
gines, but an area of i^d of the area of the cylinder 
is a common proportion. A variable blast-pipe, the 
orifice of which may be increased or diminished in 
area, is now much used. One arrangement for this 
purpose consists of the application of a regular plate 
at the top "of the blast-pipe, with a hole through the 
centre of the plate, through which the nozzle of the 
blast-pipe passes. When this regulator plate is 
closed, the whole of the steam has to. ascend 
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through the central nozzle ; but when the regulator 
is open, or partly open, a part of the steam escapes 
through the holes in it. Another plan consists in 
the application of a movable plug within the blast- 
pipe, which may narrow the escape orifice to an an- 
nular space of small area, the plug being raised or 
lowered by a lever and rod. Stephenson's method 
of contract^ the blast consists in making the noz- 
zle of the pipe conical, and forming it to slide within 
the upright pipe, whereby an annular space is left 
for the escape of the steam around the nozzle when 
the nozzle is lowered. . 

The man-hole, or entrance into the boiler, con* 
sists of a circular or oval aperture of about 15 in. 
diameter, placed by Bury at the summit of his 
dome, and by Stephenson in the front part, a few 
inches above the cylindrical part of the boiler. The 
cover that closes this aperture in Bury's engine* also 
contains the safety-valve seats, thus simplifying the 
construction by preventing the necessity of an in- 
dependent aperture and cover for the safety-valves, 
as in Stephenson's engine, where the safety-valves 
are placed independently on the top of the dome. 
The steam-tight joint of the man-hole cover is made 
in Bury'a engine by a single thickness of canvas, 
smeared with red-lead ; and the joint is not liable 
tQ become defective or leaky, because the surfaces 
are turned true and smooth, both, on the cover and 
its Beat.- When these surfaces have not been made 
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true in this maimer, it becomes requisite to use a 
number of thicknesses of canras, or other material^ 
to form the joint ; and the action of the steam soon 
rotting away the soft sabstance, a leakage is caused 
through the joint, which makes repair indispensable. 
The small domes are of the same f<»m as those used 
on the Grafid Junction Railwaj, which are cylin- 
drical ressels of about 20 in. diametiflhand 2 feet 
in height, with a semi-globular top, are generally 
made of plate-iron, about f in. thick, welded at the 
seam, and with the flange at the bottom turned out 
of the same piece. In some cases, domes ot dus 
fonn hare been constructed of cast iron, about f in. 
thick^ but tiiey hare be«BL found objecdonable firom 
their top weight, and they cannot be considered as 
altogether safe from explosion. 

Tir Q i s w . — ^Iron fire-boxes hare been exteninTely 
tried by Bury and others, and in cases where the 
plate^rou of which they were formed has been of a 
pecttliftriy perfect texture, and not liable to laminate 
or crack under the action of the heat, they have been 
fiHftttd to answer exceedingly well,, and not only to 
be much ohwp^ than copper^ but abe to last at 
Im£^ twice as long before requiring r«tewaL if the 
mfttenaJs be Tery carefully selected, d^ use fdmm 
&e4K>xee will be found prodoctiTe of eeonaoKy, if 
qbJ^ used in stbaationd where pure water i» ebtaoK 
aMe« The (laralion of ordtnary copper frt-twoDB 
j to p cnd b ilt a ggea^ meaeure upon the «r%Ml Ib- 
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tnre of the copper, which ought to be rather coarse- 
grained than rich and soft, and also particularly 
free from irregularity of structure and lamination. 
Considerable advantages, have been found to arise 
from increasing the capacity of the fire-box, more 
especially its depth, which ought to be such as to 
aUow of the requisite quantity of coke being placed 
within it ^Uiout reaching above the mouths of the 
lower tuhWj a fault which would cause the smaller 
pieces of' coke to enter and block up the tubes, to 
the manifest deterioration of the draught, and dimi- 
nution of the eflScacy of the engine. The heating 
surface in the fire-box being of an extremely valu- 
able and efficient nature, and the extensive area of 
fire-bar surface being very conducive to freedom of 
draught, we are induced to question whether the 
large square fire-box is not pro tanto preferable to 
the round one, which must necessarily be very small, 

• 

except on the 7-feet gage, in which case the round 
fire-box offers decided advantages. The square fire- 
box is generally.made of iron, f in. to ^ in. thick 
in every part except the tube-plate, which has been 
from f in. to } in. \ but experience has shown con- 
siderable advantage in making the tube-plate ^ in. 
thick, as this great strength prevents the spaces 
between the tubes from being compressed, and the 
tube holes rendered oval ; in the processes of drift- 
ing and feruling the tubes, however, this evil will 
be found to exist, even with a ^ in. tube-plate, if 
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the tube holes be placed in too close contignity, as 
has been found the case in several of Stephenson's 
engines ; and, from practical observation, we find 
that f in. should be the minimum distance between 
any two tube?. The sides, back, and front below 
the tubes, of the square fire-box, are stayed at inter- 
vals of 4J in. to 5 in. with either copper or iron 
stays, screwed through the outer case jti|o the fire- 
box, and securely riveted ; but, as the riveting within 
the fire-box is found to decay rapidly, from the 
action of the heat, Mr. Dewrance, of the Liverpool 
and Manchester Bailway, has adopted, with good 
results, stays formed with a large square head, and 
screwed from within the fire-box outwards, the 
square head projecting 2 in. into the flame. Iron 
stay-bolts for the fire-box are found to last nearly 
as long aa copper, and, from their superior tenacity, 
are often considered preferable. Until lately, it 
had been supposed that round fire-boxes possessed 
such advantages in point of strength over square 
ones, owing to their arched form, that they were 
capable of resisting the pressure of the steam with- 
out the use of stays ; but experience has shown that, 
whatever be the shape, a fire-box must be stayed 
more or less to render it safe, for the shell of the 
fire-box is liable to be wasted so miich by the heat, 
that it is not safe to depend altogether upon the 
strength its form confers, especially as the form will 
be changed if the boiler be suffered to become short 
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of water. Iq round fire-boxes, the sides near the 
crown part generally suffer most from waste : thes^ 
portions are now provided with stays by Messrs. 
Bury, Curtis, and Kennedy, who are the main sup- 
porters of round fire-boxes ; and with this provision 
the round fire-boxes are necessarily the stronger. 
The roofs of all fire-boxes require to be stayed by 
cross-barmpbut the bars are required to be both 
stronger and more numerous for the square fire- 
boxes, and should always be carefully made of 
wrought-iron, and very carefully fitted before being 
bolted on. Stay-bars of cast-iron have been em- 
ployed, on account of their cheapness ; but, having 
led several times to accidents from explosion, they 
are now discarded. These bars are only in contact 
with the fire-box at the part around the rivets, and 
in all the other parts they permit the access of the 
water below them. It is advisable to bring these 
bars to an edge on the under side, so as to facilitate 
the escape of the steam. In Sharp and Robert's 
engines, the fire-box is made of three plates ; the 
tube-plate ai^| front plate have their edges bent 
over, and to these are attached a single plate which 
forms the crown and two sides of the furnace. The 
interior fire-box is joined at foot to the exterior by 
a Z-shaped iron, which forms the bottom of the 
water-space, and is preferred, inasmuch as it leaves 
a wide water-space, and is easily cleaned. The 
outer and inner fire-boxes are joined round the fur- 

21* 
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nace door, which is double, to prevent incoDvenient 
l^iation. The external fire-box has sometimes a 
semi-cylindrical top, joined by turning over the 
sides like an arch, and sometimes a dome-shaped 
top. 

The fire-bars have always been a source of much 
expense in the locomotive engine, as they burn out 
very rapidly, and have to be often reipived : from 
the rapid combustion going on over their upper sur* 
faces, they become heated intensely throughout, 
causing them to throw off scale, and to bend, under 
the weight of the fuel. The best remedy has been 
found to consist in making the bars very thin and 
deep, so as to keep their lower edges exposed to a 
cooling draught of air, and to diminish the area of 
metal conducting heat downwards from their heated 
upper edges. Thin fire-bars admit of being placed 
nearer together than thick ones, thus ofiering no 
increased impediment to free draught, while pre- 
venting the loss of small pieces of unburnt coke, 
which might otherwise drop through into the ash- 
box and be wasted. Fire-bars haire given much 
satisfaction when made 4 inches deep, (parallel,) and 
full f inch thick on the upper edge and f inch on 
the lower edge. The frame carrying the fire-bars 
has often been made capable of being dropped on 
the instant, with its fire-bars and fire, into the ash- 
box, or upon the road, by means of catches drawn 
back by levers ; but though the fire-bar frame is 
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thus left tinsuppoTted, very often it will not drop, 
and even cannot be forced down owt of its place, 
owing to the clinkers and tarry products of comWlis- 
tion forming an adhesive binding between its edge 
and the fire-box : it has accordingly been found best 
to support the fire-box frame permanently, and when 
any cause requires the sudden withdrawal of the 
fire, to lifl^the fire-bars singly out of place, by means 
of the ordinary dart. It is necessary to place the 
fire-bars with their upper surface about 3 inches 
higher than the bottom of the water-spaces, which, 
by this means, will be allowed to contain quiescent 
water, ready to retain without injury any deposite 
that subsides from the water ; and the water-spaces 
should be periodically cleansed, by means of the 
mud-holes placed opposite the edge of each water- 
space in the lower part of the outer ftrerbox shell. 
These mud-holes are made water-tight by means of 
either a brass plug simply screwed in and with a 
slight taper, or by a door applied with a soft pack- 
ing on its fatse, and screwed up with a bridge-piece 
and bolt, mal^ng the joint on the internal surface 
of the outer sUell, the hole and door being made 
sufficiently oval to enable the door to be introduced 
into the wat^r-space. The latter plan often gives 
rise to inconvenience, from the joint being found 
leaky when the steam is raised, rendering it neces- 
sary to drop the £re, and empty the boiler, before 
it can be renewed. In some very large square firS- 
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boxes, such as those used on tfie Great Western 
Railway, a diaphragm, or divisional 4-inch water- 
rfpace, has been placed across the middle of the fire- 
box, with the view of obtaining increased heating 
surface. This diaphragm has its lower edge (in 
which deposite takes place) made straight, and about 
2 inches below the general surface of ^ the fire-bars, 
but its upper edge is of the form of IMI inverted 
arch, in order to promote the free delivery of the 
steam generated within it into the steam-dome. 
The sides of the fire-box, where the diaphragm is 
attached, are not cut away to form passages for the 
water and steam, but are pierced with a series of 
circular holes, 3 inches in dit^meter, to permit a due 
circulation without uselessly weakening the fire-box ; 
but the uppermost hole of the series must be placed 
at the higii^t point of the diaphragm, otherwise an 
accumulation of steam, and consequent injury at 
that point, will ensue. The use of a diaphragm is 
found to be bene§cial in the case of a very powerful 
engine, provided its upper edge be made sufficiently 
low to admit of the tubes being conveniently drifted 
over it, and to allow the dart to be used with facility 
in dropping the front set of fire-bars. 

The ash-box consists of a plate-iron tray, placed 

below the fire-box, to receive the burning ashes that 

drop from between the fire-bars. In the earlier 

locomotives, no ash-boxes, being used, the red-hot 

^shes were dispersed to a considerable distance by 
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coming in contact with the wheels, and conflagra- 
tions were often thereby originated. The aish-box 
should be as 4arge as convenient, and not less than 
10 inches deep, otherwise it will materially impede 
the draught ; but if of ample dimensions, and closed 
at the sides and back, it will increase the draught, 
particularly when running against a head wind, at 
which time a strong draught is required. A liang- 
ing shutter to open or close the front of the ash-box 
forms a good damper. The bottom of the ash-box 
is placed about 9 inches above the level of the rails, 
and should on no account be nearer than 6 inches, 
otherwise the engine cannot pass safely over stones 
or similar objects lying accidentally between the 
rails. 

Tubes. — The tubes are generally formed of brass ; 
the ferules by which they are secured-^Ke^for the 
most part made of steel at the furnace el&d, and of 
malleable iron at the smoke-box end, and the holes 
in the tube-plates are tapered, so that the tubes 
bind them together. Great care should be taken in 
securing the tubes, as any neglect will be productive 
of omuch inconvenience. The ferules are found to 
be very injurious to freedom of draught, particularly 
in very small tubes ; and to overcome this objection 
the methods we have mentioned, and many others, 
have been tried for fastening the tubes in by rivet- 
ing over or screwing into the tube-plates; but 
hitherto no method, except that of internal tube- 
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rings, has been found to answer in the case of brass 
tubofi ; but we think it likely that, with wrought-iron 
tubes, internal tube-rings will be ultimately aban- 
doned. Stephenson has frequently adopted iron 
tubes of late, in preference to brass, on the score of 
their greater cheapness and durability ; and in some 
cases, where unusual attention has been paid to 
them, and pure water used, they have been found 
to answer very well. A common internal diameter 
of tubes is If in. If made very small, the tubes 
are liable to be choked by pieces of coke, and the 
sectional area will be inconveniently contracted, 
while, if made much larger, the heating surface will 
be unduly diminished. The number of tubes varies 
considerably in different boilers ; in one species of 
locomotive in extensive use the number is 134, and 
the pitch 2} in. Sufficient space is left below the 
tubes for deposite, that it may not be in contact 
with the tubes and cause them, to be burned : the 
extreme tube of the widest row is about the diameter 
of a tube from the boiler shell. In the long-boiler 
engines of Stephenson, from the volume of water 
contained in them, considerable time is required to 
get up the steam, even so much as three and a half 
hours where the ordinary engines take two hours, 
and they require great care in firing and feeding to 
prevent the steam running low. 

Smoke-box and chimney. — The smoke-box door 
of many engines is hinged at the bottom, and is kept 
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shut by means of handles and catches ; but the posi- 
tion of the doof when open is in that case inconye- 
nient, as it prevents ready access to the tubes. In 
some of StepheCison's engines, the smoke-box door 
is in two leaves, which open liker the doors of a 
house, overlapping at the centre, where they are 
closed by a bar, and at the top and bottom by han- 
dles and catches. This <loor admits of the easy 
examination of the cylinders and valves. A small 
door is usually left near the bottom of the smoke- 
box, by which the accumulated cinders may be 
removed. The bottom of the smoke-box should not 
be below the ash-pan, or be much n«arer the level 
of the rails than 18 inches, else the waste-water 
cocks of the cylinder projecting through it, would 
be liable to injury from objects lying on the line. 
The smoke-box is lower in freight en^neB than in 
passenger engines, on account of the drimg wheels 
being smaller ; and, being coupled with the other 
wheels, the cylinder has frequently to be inclined to 
let the moving parts work clear of the front axle. 

The chimney must not stand more than 14 feet 
high above the rails. The sectional area of the 
chimney is about 1-lOth of the area of fire-grate. 
The chimney is usually provided with a damper, 
similar to the disk throttle-valve of an ordinary 
engine ; this is generally hung off the centre, and a 
hole, is made in it for the top of the blast-pipe, which 
projects through it when, it is closed. Another 
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damper has been applied by Messrs. Rennie at the 
smoke-box end of the tubes, consisting of a sliding- 
plate perforated with holes, which, when opposite 
the ends of the tubes, will give a fr#e current, and 
may be made to elose them completely if required. 
Another kind of damper consists of an arrangement 
of thin bars similarly disposed to the laths of a 
Venetian blind ; the plates being so hinged, that 
when placed with their edges to the tube-plate, they 
leave the flow of air through the tubes unimpeded, 
and when hanging down they close up the tubes, or 
they partially close the tubes in any intermediate 
position. By aither of these arrangements, the hot 
air is retained for a longer period in contact with 
the tubes than if a simple damper were used, as 
each tube is virtually furnished with a hanging 
bridge which keeps in the hottest air and lets only 
the coldest flow out. An inconvenient degree of 
heat in the smoke-box is also prevented. The 
smoke-box is usually made of ^th plate ; the chimney 
of ^th plate ; the blast-pipe of ^th copper, and the 
steam-pipe of ^th copper. 

Fraviing. — In dome engines the side-frames con- 
sist of oak, with iron plates riveted on each side. 
The guard-plates are in these cases of equal length, 
the frames being curved upwards to pass over the 
driving-axle. Hard cast-iron blocks are riveted 
between the guard-plates, to serve as guides for the 
axle*busfaes. The side-frames are connected aoross 
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at the ends, and cross-stays are introdaced beneath 
the boiler to stiffen the iTrames sidewise, and pre- 
vent the ends of the connecting or eccentric rods 
from falling down, if they should be broken. The 
springs are of the ordinary cartiage kind, with 
plates, connected at the centre, and allowed to slide 
on each other at their euds. The upper plate ter- 
miiAte& in two eyes, through each of which passes 
a pin, which also passes through the jaws of a 
bridle, connected by a double-threaded screw to 
another bridle, whiob is jointed to the framing: the 
centre of the spring rests on the axle-box. Some- 
times the springs are placed between the guard- 
platea and. below the framing, which rests upon 
their extremities. One species of spring which has 
gained a considerable introduction consists of a 
number of flat steel plates, with a piece <tf metal or 
other substance interposed between them at the 
centre, leaving the ends standing apart. 

A common mode of connecting the engine and 
tender, is by means of a rigid bar with an eye at 
each end, through which pins are passed. Between 
the engine and tender, however, buffers should al- 
ways be interposed, as their presence contributes 
greatly to prevent oscillation and other irregular 
motions of the engine. A bar is strongly attached 
to the front of the Mrriage on each side, and pro- 
jects perpendicularly downwards to within a short 
distance of the rail, to clear away stones or other 
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fire-box up to the arched roof of the external fire- 
box ; and this flat surface requires to be powerfully 
stayed by angle-irons and tension-rods. We re- 
member an instance in which the accidental omission 
of one of the numerous tension-rods led to the forc- 
ing out and partial explosion of the side of the fire- 
boXy showing how much depends on the circum- 
stances of these rods, with their joints and pins, 
remaining sound and uninjured from corrosion or 
other source of injury or decay. In this respect 
the round fire-box, with its dome, has the advantage 
of superior strength and safety. A large steam- 
dome is found to be the most efficacious mode yet 
tried for preventing the evil of priming or damp 
steam ; but no height of dome will entirely prevent 
it if there be not space enough left above the tubes 
in the cylindrical part of the boiler t6 allow the 
free passage of the steam along to the fire-box and 
dome, while an excessive height of dome is also 
found to produce an unsteady motion of the engine, 
by causing the machine to be toprheavy. A height 
of about 2 feet 6 inches above the cylindrical part 
of the boiler is found to give satisfactory results in 
practice, and to lead to the production of as pure 
steam as any greater altitude could secure. In 
some engines the steam is withdrawn from a dome 
placed at the smoke-box end of the boiler, into 
which the steam-pipe rises. It is thought that the 
ebullition being less violent at this point, the steam 
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.Stretched wings of a butterfly, and being made to 
revolve on its central pivot, by connecting links be- 
tween its outer edges or by a central, spindle. In 
some of Stephenson's engines with variable expan- 
sion geer, the regulator consists of a slide-valve 
covering a port dn the top of the valve-chests. A 
rod passes from this valve through the smoke-box 
below the boiler, and,. by means of a l^ver parallel 
to the starting lever^ is brought up to the engineer's 
reach. Cocks were at first used as regulators, but 
were given up, a& they were found liable to stick 
fast. A gridiron slide-valve has been used by Ste- 
phenson, which consists of a perforated square 
plate moving upon a face with an equal number of 
holes. This plan of a valve with a small movement 
gives a large area of opening. In. Bury 's engines 
a sort of conical plug is used, which is withdrawn 
by turning the handle in front of the fire-box ; a 
spiral groove of very large pitch is made in the 
valve-spindle, in which fits a pin fixed to the boiler, 
and by turning the spindle an j^nd motion is given 
to it which either shuts or opens the steam passage 
according to the direction in which it is turned. 
The best regulator would probably be a valve of 
the equilibrium description, such as is used in the 
Cornish engines. 

Safety-valves aaid fusible pltigs. — The safety- 
valves are placed upon the dome, in Bury's and 
Stephenson's engines ; but it has been found much 
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better to place them on the cylindrical part of 
the boiler, becauae when an en^ne commences to 
prime, the water projected from the blast-pipe 
generally causes an unnsnal generation of steam, 
which escapes at the safety-yalve, and in its pass- 
age of coarse accnmulates and lifts the surface- 
water and foam at whateyer point of the boiler the 
safety-Talves are situated ; thus the further they are 
placed from the steam-dome the better, as they will 
then diminish the evil of priming, which, if placed 
upon the steam-dome, they would only aggravate. 
Indeed, if the safety-valyes are properly situated, 
an engineman has the great advantage of being able 
to check or stop the priming of the boiler on the in- 
stant, by causing his safety-Yalves to blow off 
strongly. It is requisite to place the safety-valves 
upon a tubular pillar, of such altitude as to prevent 
the escaping cloud of steam from obscuring the 
look-out of the engineman. Bury's 14-inch engine 
contains a pair of safety-valves of 2^ inches diame- 
ter, exclusive of the mitre ; and Stephenson's 15- 
inch engine contains a pair of 4-inch diameter. 
The latter dimension is preferable, as large safety- 
valves are much less liable to adhere to their seats 
than small ones. Safety-valves require to be tested 
occasionally; and the best method consists in at- 
taching the valve joint-pin to one end of an ordi- 
nary pair of scales, when the overbalancing weight at 
the reverse end will indicate the real pressure upon 
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the TalTe, which exceeds the nominal pressure by 
the weight and friction of the lever, with its joints 
and spriAg balance, and the adhesion of the valve 
to its seat. To bring this adhesion to a minimnm, 
it is a good plan to make the lip of the valve-seat 
somewhat flatter than a mitre, that is, at a less 
angle than 45° with the horizon : S0° answers very 
weU. 

Rg. 55. 




The safety-valve is pressed down by means of a 
lever, and a screw at its extremity is attached to a 
spiral spring balance. To find the pressure per 
square inch, multiply the weight indicated on the 
scale, by the ratio of the two arms of tlie lever, and 
divide the product by the number of square inches 
in the area of the valve ; but to save the trouble of 
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calculation, the ratio of the arms of the lever is 
made so as to be expressed by the number which 
represents the area of the valve, so that the weight 
marked on the balance is the pressure per square 
inch upon the valve. Some allowance must be 
made for the weight of the valve itself, and part of 
that of the lever. It is expedient to put a stop 
upon the screw by which the lever is screwed down 
or the tension of the spring increased, so as to pre- 
vent the pressure from exceeding a safe amount. 
Lock-up valves, which were intended as a precau- 
tion against the recklessness or neglect of the engi- 
neer, have fallen into disfavour, as from such valves 
being inaccessible and seldom being required to act, 
they became fixe^ in their seats ; but it is an easy 
thing to make a valve which can be raised, but can- 
not be forced down by the engineer, and such valves 
are in general use in steam vessels. In the engines 
of Cave, Hick, and Jackson, one of the valves is 
permanently loaded a little above the usual press- 
ure, and enclosed in a chest; it is usually made 
with bent, flat, steel springs, pressing against one 
another, and guided by standards screwed to the 
valve-seat. One of these valves is shown by fig. 55. 
A plug of lead is usually fixed in the furnace 
crown, which melts if the boiler becomes short of 
water, and gives notice of the danger. In some 
engines a cock is attached to the top of the steam- 
dome, against which a small disk of fusible metal is 
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retained by a risg of brass bolted to the cock, and 
which is intended as an antidote to explosions. 
When the cock is opened, the steam has access to 
the under side of the fusible plate, which when 
melted is forced through the small hole in the re- 
taining plate ; and the engineer being thus warned 
of the undue pressure, can shut the cock and take 
measures to reduce the pressure. This, however, is 
altogether a futile expedient, for the steam would 
be too much cooled in passing through this cock 
and small pipe to melt the metal : and even if that 
defect were remedied, the objections still remain, as 
applying to all fusible plugs, and the danger is in- 
creased* by leading the engineer to trust to a mea- 
sure of safety that is inoperative in the hour of dan- 
ger. Steam gages have not been applied hitherto 
to locomotives, on account of the inconvenient 
height of the column of mercury requisite to balance 
the steam. But it would be an easy thing to make 
a steam gage of moderate dimensions, by making 
the tube, whether straight or siphon, of glass, 
closed at the top, so that the mercury in its ascent 
would have to compress the air above it ; and the 
graduations would be equal, or nearly so, if the tube 
were made taper. 

Cylinders and valves. — The cylinders are made 
of cast iron, about three-quarters of an inch thick, 
and should be of hard metal, so as to have but little 
tendency to wear oval from the weight and friction 
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of the piston. The ends of the cylinder are made 
about one inch thich, and both ends are very gene- 
rally made removable. At each end of the cylinder 
there is generally about half an inch of clearance. 
The valve is invariably of the threerported descrip- 
tion : it is made of brass, and is not pressed upon 
by the valve-casing, as it is necessary in the ab- 
sence of cylinder escape-valves that the steam-valve 
should be capable of leaving the feuse to enable the 
steam or air shut within the cylinder to escape 
when the train is carried on by its momentum, and 
also to afford an escape for the water carried over 
by the steam when priming takes place. The ope- 
ration of priming upon the cylinders and valves is 
very injurious, as the grit and sediment then car- 
ried over with the steam wears the pistons, cylin- 
ders, and valve faces very rapidly ; so that if the 
water be«sandy and the engine addicted to priming, 
the pistons and valves may be worn out and the 
cylinders require reboring in the course of a few 
months. 

The valve-casing is sometimes cast on the cylin- 
der : the face of the cylinder on which the valve 
works is raised a little, so that any foreign matters 
deposited upon it may be pushed off to the less 
elevated parts by the valve. The area of the steam- 
ports is in some cases one-ninth, and in others one- 
twelfth or one-thirteenth of the area of the cylinder; 
and the eduction one-sixth to one-eighth of the area 
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of the cylinder, — proportions which allow at mean 
speeds of twenty-five to thirty miles per hour, a 
pressure little different from that of the steam in the 
steam-pipes ; for higher speeds the ports should be 
larger in proportion. The valve-casing is covered 
with a door, which can be removed to inspect the 
valvea or the cylinder face. Some valve-casings 
have covers upon their front end as well as their 
top, which admits of the valve and valve bridle 
being more readily removed. 

A cock is placed at each end of the cylinder to 
allow the water to be discharged which accumulates 
there from priming and condensation. The four 
cocks of the two cylinders are connected, so that by 
working a handle the whole are opened or shut at 
the same time. In Stephenson's engines with vari- 
able expansion, there is but one cock, which is on 
the bottom of the valve chest. 

The valve lever is usually longer than the eccen- 
tric lever, to increase the travel of the valve. The 
pins of the eccenttic lever wear quickly. Stephen- 
son puts a ferule of brass on these pins, which being 
loose and acting as a roller, facilitates the throwing 
in and out of gear, and when worn can easily be 
replaced ; so that there need be no material derange- 
ment of the motion of the valve from play in this 
situation. The starting lever travels between two 
iron segments, and can be fixed at the dead point or 
for the forward or backward motions. This is done 
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by a small catch or bell crank jointed to the bottom 
of the handle at the end of the leyer, and coming 
up by the si^e of the handle, bat pressed out from it 
by a spring. The smaller arm of this bell crank is 
jointed to a bolt which shoots into notches made in 
one of the segments between which the levet moves. 
By pressing the bell crank against the handle of the 
lerer, the bolt is withdrawn, and the lever may be 
shifted to any other, point ; when the spring being 
released, the bolt flies into the nearest notch. 

The pistons which consist of a single ring and 
tongae piece, or of two single rings set one above, 
the other so as to break joint, are preferable to those 
which consist x>f many pieces. In Stephenson's 
pistons, the screws are liable to work slaci; and the 
springs to break. The piston-rods are made of steel, 
the diameter being from one-seventh to one-eighth 
of the diameter of the cylinder. They are tapered 
into the piston, and secured there with a cutter. 
The top of the piston-rod is secured by a cutter into 
a socket with jaws, through the holes of which a 
cross-head passes, which is embraced between the 
j^wf by the small end of the connecting-rod, while * 
the ends of the cross-head move in guides. Betwe€u:i 
the piston-rod clutch ajid the guide blocks, the feed* 
pump rod joins the cross-head in some engines* The 
guides are formed of steel plates attached* to the 
framing, between which work the guide blocks, fixed , 
on the ends of Jhe or6ss-head, and whidi have 
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flanges bearing against the inner edges of the guides. 
Steel OT brass guides are better than iron ones. 
Stephenson and Hawthorn attach their guides at 
one end to a cross-stay, — at the other to lugs upon 
the cylinder cover ; and they are made stronger in 
the middle than At the ends. Stout guide-rods of 
steel encircled by stuffing-boxes on the ends of the 
cross-head wotdd probably be found superior to any 
other arrangement. The stuffing-boxes might con- 
tain conical bushes cut spirally, in addition to the 
packing ; and a ring cut spirally might be sprung 
upon the rod and fixed in advance of the stuffing- 
box with lateral pliE^y^ to wipe the rod before enter- 
ing the stu&ng-boxy and prevent it from being 
scratched by the adhesion of dust. 

Feed apparatus, — The feed-pumps are made of 
brass, but the plungers are sometimes made of iron, 
and are generally attached to the piston-rod cross- 
head, though in Stephenson's engines they are 
worked by rods attached to eyes on the eccentric 
hoops. There is a ball valve between the pump and 
the tender, and two usually in the pipe leading from 
the pump to the boiler, besides a cock close to the* 
boiler, by which the pump may be shut off from the 
boiler in the case of accident to the valves. The 
ball valves are guided by four branches which rise 
vertically and join at top in a hemispherical form, 
as shown in fig. 56. The shocks of the ball against 
this have in some cases broken it after a week's 
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work, from the top of the cage having been made 
flat, and the branches not having had their junction 
at top properly filleted. These valve guards are 
attached in different ways to the pipes ; when one 
occurs at the junction of two pieces of ^ipe it has a 
flange, which, along with the flanges of the pipes 
and that of the valve seat, are held together by a 
union joint. It is sometimes formed with a thread 
at the under end, and screwed into the pipe. The 
balls are cast hollow, to lessen the shock as well as 
to save metal : in Elome cases, where the feed-pump 
plunger has been attached to the cross-head, the 
piston-rod has been bent by the strain ; and that 
must in all cases occur if the communication between 
the pump and boiler be closed when the engine is 
started, and there be no escape valve for the water. 
Spindle valves have in some cases been used instead 
of ball valves, but they are more subject to derange* 
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ment. Slide valves might easily be applied, and 
would probably be found preferable to either of the 
other expedients. The pipes connecting the tender 
with the pumps should allow access to the valves 
and free mojiion to the engine and tender. 

The feed-pipe of many engines enters the boiler 
near the bottom, and about the middle of its lei^gth. 
In Stephenson's, the water is let in at the smoke-box 
end of the boiler, a little below the water level. JBy 
this means, the lieat is more effectually extracted 
from the escaping smoke ; but the arrangement is 
of questionable applicability to engines of which the 
steam-dome and steam-pipe are at the smoke-box 
end, as in that case the entering cold water would 
condense the steam. 

Wheeh. — The driving wheels are made large to 
increase the speed; the bearing wheels also are 
easier on the road when large. In freight engines, 
the driving wheels are smaller than in passenger 
engines, and are generally coupled together. Wheels 
are made in various ways ; they are frequently made 
with cast-iron naves, and with the spokes and rim 
of wrought-iron. The spokes are forged out of flat 
bars with T-formed heads ; these are arranged 
radially in the founder's mould, while the cast-iron 
centre is poured around them ; the ends of the T 
heads are then welded together to constitute the 
periphery of the wheel or inner tire, and little 
wedge-form pieces are inserted where there is any 
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deficiency of iron. . In some cases, the arms are 
hollow, though of wrought-iron, the tire of wrought* 
iron, and the nave of cast-iron ; and the spokes are 
tamed where tbej are fitted into the nave, and are 
secured in their sockets bj means of cutters. Haw- 
thorn makes his wheels with cast-iron naves, and 
wronght-iron rims and arms, but instead of welding 
the arms together, he makes palms -on their outer 
end, which are attached by rivets to the rim. These 
rivets, however, unless very carefully formed, are 
apt to work loose ; and we think it would be an 
improvement if the palms were to be slightly in- 
dented into th^ rim, in oases in which the palms do 
not n^eet one another at the ends. When the rim 
is turned, it is ready for the tire, which is now often 
made of steel. The materials for wheel tires are 
first swaged separately, and then welded together 
under the hbavy hammer at the steel-works, after 
which they are bent to the circle, welded, and turned 
to certain gauges. The tire is now heated to redness 
in a circular furnace ; during the time it is getting 
hot, the iron wheel, previously turned to the right 
diameter, is bolted down upon a face-plate or sur- 
face ; the tire expands with the heat, and when at a 
cherry-rod, it is dropped over the wheel, for which 
it was previously too small, and it is also hastily 
bolted down to the surface-plate ; the whole load is 
quickly immersed by a swing crane into a tank of 
water about five feet deep, and hauled up and down 
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until nearly cold ; the tires are not afterwards tem- 
pered. It is not indispensable that the whole tire 
should be of steel, but a dovetail groove turned out 
of the tire at the place where it bears most on the 
rail, and fitted with a band of steel, which may be 
put in in pieces, is sometimes adopted, though at 
the risk of being thrown off in working. The steel, 
after being introduced, is well hammered, which 
expands it sideways, until it fills the dovetail groove, 
but it has sometimes com« out. The tire is attached 
to the rim by rivets with countersunk heads, and 
the wheel is then fixed on its axle. The tire is 
turned somewhat conical, to facilitate the passage 
of the engine round curves — the diameter of the 
outer wheel being virtually increased by the cen- 
trifugal force, and that of the inner wheel corre- 
spondingly diminished, whereby the curve is passed 
without the resistance which would otherwise arise 
from the inequality of the spaces passed over by 
wheels of the same diameter fixed upon the same 
axle. The rails, moreover, are not set quite upright, 
but ai^e slightly inclined inwards, in consequence of 
which the wheels must either be coiiical or slightly 
dished, to bear fairly upon them. One benefit of 
inclining the rails in this way and coning the tires 
is, that the flange of the .wheel is less liable to bear 
against the side of the rail, and with the same view 
the flanges of all the wheels are made with large 
fillets in the corners. Wheels have been tried loose 
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upon the axle, bnt they have less stability^ and; are 
not new much need. 

In ali looomotives thexi^ is- a v^r j maiqrM lofur 
of power from the coiltraolion of hkat-pipe neces- 
sary to maintain the blast ; at biigh speisds on^^half 
of the power pf the engine i^ lost by.ti^.ina^^^qaate^ 
are%i of the steam passag^s^'of whichvti&e ^eatest 
loss is that arising from tb^iContraj^qxv.of the 
blast-pipe* Tenders are now made lavg0r|tto;^b:y.iate 
the necessity- of so many fuQl jind 1^(0^ stations. 
Tenders, can be put en aiiy^namber of. wh^el^ so 
that. inooBTenience is notrliliEely to. arise. f]:9]ft;.th€^ 
aiie and weight. 

Cranked axle. — The, cranked . axle ^ia .made of 
wrought^iron; with two <ca*wks forged, upon, it, 
towards the middle of ita^le|^h, at a .dio^ance from 
each other answerable. to -tbe^distanco Jimtyreen the 
cylinders; bosses ai^e' ^ade on .the >.d3e for Ihja 
wheels to be keyed, upp.o, axMi there -are. /beariogs 
for the support of the frawngr Th|^ ^e is usual^ 
forged in two pieces; w^ch>rethfin>weld6$^^^^ 
gether. Sometimes the pieces for tfae,':eranks ..are 
put on separately, but thpse so made are liablei ta 
give way. In engines with outside cj^iidei'e. i^e 
axles are straight, the crank-pins being, inserted in, 
the naves of the wheels.^ The bearings to whi^ 
the connecting-rods are . attached, are lii?>^e, with 
very large fillets in the corners, so as to'Strengthen 
le axle in that part, and to obviate^ side play |n 
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the comiectiDg-rod. In engines which have been 
in use for some time, however, there is generally a 
good deal of end play in the bearings of the axles 
themselvesfiand this slackness contributes to make 
the oscillation of the engine more violent. 

Connecting-rods. — It is very desirable that the 
length of the connecting'-rod should remain invaria- 
ble, in spite of the wear of the brasses, for there is 
a danger of the piston striking against the cover of 
the cylinder, if it be shortened, as the clearance is 
left as ;Small as possible, in order to economize 
steam. In some engines the strap encirclihg the 
orank-pin is fixed immovably to the connecting-rod 
by dovetailed keys, as shown in fig. 58, and a 
boh passes through the keys, rod, and strap, to 
prevent the dovetail keys from working out. The 
brass is tightened by a gib and cutter, which is kept 
from working loose by three pinchibg screws, and a 
cross-pin or cutter through the point. l!he efiect 
of t^is arrangement is to lengthen the rod, but at 
the cro^-head end of the rod the elongation is neu- 
tnilked, by making the strap loose, so that in 
tighti^ning the brass the rod is shortened by an 
amount equal to its elongation at the crank-pin 
exi;4« - The tightening here is also efieoted. by a gib 
aud cutter^ which is kept from working loose by 
tvfo pinching screws pressing on the side of the 
cutter. Both journals of the connecting-rod are 
formshed with oil-cups, having a small tube in the 
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oeatre, with siphon vieka. The oomiGcting-Eod, 
represented in figs. 58, 57, is « thick flat bar, with 
its edges rounded. Stepfaeoson's connecting-rod is 
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Fig. 6T. 




made at the crank end ; a strap of round iron 
passes over both braeaes, and is attached to the T 
end of the connecting-rod by means of nuts upon . 
the ends of the bent iron, which is made thickest in 
the middle, to resist the strain. This plan has the 
mfeot of shortening the connecting>rod when the 
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brasses are screwed up, and the brasses require to 
be very strong and heavy. Hawthorn's connecting- 
rod has a strap at each end, tightened by a gib and 
cutter ; but, to obviate the tendency to shorten the 
rod, the piston-rod end is furnished with a cutter 
for tightening the brass outwards. The point of 
the cutter is screwed, and goes through a lug at- 
tached to the gib, and is tightened by a nut. It 
would be preferable to attach the lug to the. cutter 
and the screw to the gib,\3.s the projection of the 
screw, when the cutter is far in, would not then be 
so great. In the engines on the Bouen Railway 
the piston-rod end of the connecting-rod has neither 
strap nor brass, but simply embraces the cross- 
head, while the crank end is hollowed out to admit 
brasses, which are tightened by a gib and cutter. 
The length of the, connecting-rod varies from four 
times the length of the crank to seven times. The* 
long connecting-rod has the advantage of diminish- 
ing the friction upon the slides. 

Eccentrics and eccentric-rod. — The eccentrics are 
made of cast iron ; and when set on the axle be- 
tween the cranks, they ^re put^ on in two pieces 
held together by bolts, as shown in figs. 59, 60 c 
but in straighrt-axle engines they are cast in a 
piece> and are secured on the shaft by means of a 
key. The eccentric, when in two pieces, is retained 
at its proper angle on the shaft by a pincfaingr 
screw, which is provided with a jam-nut to preveiif 
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it firom working loose. A piece is left out of the 
eoeentrio in casting it, to allow of die screw being 
inserted, and the void is afterwards filled by insert- 
ing a doTctailed piece of metal. Stephenson and 
Hawthorn, leave holes in their eccentrics on each 
side of the central arm, and they apply pinching- 
serews in each of these holes. ' The screwssome- 
times slacken and allow the eccentric to shift, un- 
leas they are provided with jam-nnts. In die Rouen 
engines with straight azles^ the four eccentrics are 
cast in one piece. 



Fig. so. 



Fig. 69. 
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Sc<<entrie straps are best made of wrought iron, 
as ia<vMoiTiNuence arises from the frequent breakage 
\>f braM iMies. When made of malleable iron, one- 
Wf v>f the strap b forged with the rod, the other 
Wf Wittf $^^un^l to it by bolts, nuts, and jam- 
tiiii.t»^ r^KVe^ ot br:i&» are in some cases pinned 
%t;j;<;;ii t^^ auLJ^U^N^Me irv^ hoop, but it appears to be 
{rcv^^mV^ ts^ ^«; i'j:;fes$ie« vithin the strap to encircle 
IJW ^VNttt>\ ;i^ ;% t2^ <cfts< of any other bearing. 
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When brass straps are used, the lugs have generally 
nnts on both sides, so that the length of the eccen- 
tric-rod may be adjusted ; but it is better for the 
lugs of the hoops to abut against the necks of the 
screws, and if any adjustment is necessary from the 
wear of the straps, washers can be interposed. In 
some engines the adjustment is effected by screwing 
the valve-rod, and the cross-head through which it 
passes has a nut on either side of it by which its 
position upon the valve-rod is determined. The 
forks of the eccentric-rod are steel. The length of 
the eccentric-rod is the distance between the centre 
of the crank axle and the centre of the valve-shaft. 
Valve motions. — ^In locomotives the eccentrics 
are now always fixed upon the axle, and two are 
used, one for the forward, the other for the back- 
ward motion: the loose pulleys have been given up 
on account of their liability to get out of order from 
the shocks to which they were subjected by sudden 
change of direction when worked at a quick speed. 
The arrangement whereby the motion of the eccen- 
tric is transmitted to the valve, is either direct or 
indirect. In cases of indirect attachment the motion 
is given through the intervention of levers, and 
there is some variety in the arrangements by which 
the reversing is accomplished. Alcard aftd Buddi- 
come use a pair of eccentrics at the end of the axle, 
which is straight ; the reversing shaft is placed be-; 
low the level of the piston-rod, and to a lever keyed 
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lever on which depend two links of unequal length, 
which are -jointed to the ends of thp eccentric-rods. 
Bj working this lever up or down, the eccentric- 
rods will be Silternately engaged and disengaged, 
and will communicate their respective motions to 
the valve ; or if the lever be kept Ih its mid posi- 
tion, both eccentrics will be out of gear, and the 
valve of course will remain stationary. Fauwel's 
engines are difficult to work, and are subject to 
shocks from going suddenly into gear: this arises 
from the whole weight of levers and rod& being on 
the front of the reversing shaft, but the evil Inight 
be remedied by attaching a counterbalance to. the 
shaft. Valves situated upon the sides of the cylin- 
ders are in many cases more easily connected with 
the eccentric, but they require springs to keep them 
up to the face, so that it appears preferable to 
make the faces of the two cylinders inclined to one 
another rather than upright, if valves on the sides 
of the cylinders are preferred. Stephenson's link 
motion is. the most elegant, and one' of the most 
eligible modes of connecting the valve with the ec- 
centric yet introduced. The nature of this arrange- 
ment will be made plain by a reference to fig. 61, 
where e is the valve-rod which is attached by a pin 
to an open curved link connected at the one end 
with the driving eccentric-rod A^ and at the other 
with the backing eccentric-rod d'. The link with 
the eccentric-rods is capable of being moved up or 
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down by th« rod / and bell crank /", sitnated on 
the Bhaft g, while the valre-rod remains 'to. the same 




horizontal plane. It is very clear that each end of 
the link must acquire the motion of the eccentrio- 
rod in connection with it, whatever course the cen- 
tral part of the link may pursue, and the t^alve-rod 
will partake most of the motion of the eccentric-rod 
that is nearest to it. When the link is lowered 
down, the valve-rod will acquire the motion of the 
upper eccentric-rod, which is that proper for going 
ahead; when raised up, the valve-rod will acquire 
the motion of the reversing eccentric, while in the 
eentral position the valve-rod will have no motion, 
or almost none. The link motion therefore obviates 
the necessity of throwing the eccentric-rod out of 
gear ; it also enables the engine to be worked 'to a 
certain extent expansively, though as a contrivance 
for working expansively, we cannot hold it as de- 
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Berving of much commendation. The dead point 
of the link motion is where the line of the valve-rod 
bisects the angle formed bj the eccentric-rods. The 
maximum forward motion is when the rods are as 
figured, and the maximum backward motion when 
the rods d and d' are in the position h" and h'. 
The best forms of the link motions have side studs, 
to which the eccentric-rods are connected, and these 
are placed so that at the greatest throw, whether 

Fig. 62. 




backward or forward, the valve^od and eccentric- 
rod are in the same straight line, and the valve re- 
ceives the full throw of the eccentric. A counter- 
weight ifli also attached to the shaft to balance the 
weight of the link and rods. The second eccentric 
and eccentric-rod of the link motion might, it ap- 
pears to us, be beneficiallj dispensed with by 
placing the shaft g in the plane of the valve-rod, 
and attaching a pin to the centre of the link, which 
would work in the eye of th^ horizontal arm of the 
lever /. This lever would iq|M^ ^^^^ require to 
be made much stronger than ai pr&ent, as it would 
have to withstand the thrust of the eccentric, and 
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the link would then yirtnally be a doable-ended 
lever with a movable centre. Where more conve- 
nienty the pin in the centre of the link might be 
moved in vertical or curved guides, instead of being 
attached to the lever /• The act of rabing the 
link, and with it the eccentric-rod^ would in effect 
alter the position of the eccentric on the shaft, and, 
if the eccentric-rod were properly proportioned in 
length, would make the lead right on the reversing 
aide. 

How to 9et the valves of locomotives. — ^When the 
cylinder is horizontal, the crank is horizontal at the 
ends of the stroke ; bat it is not vertical when the 
piston is at the middle of its stroke, owing to the 
deviation from parallelism introduced from the con- 
necting-rod being compelled to move at one of its 
extremities in a straight line. When the piston is 
at the end of the bottom stroke, and is gradually 
advanced towards the middle of the stroke, the ^nd 
of the connecting-rod is carried round by .the crank 
in a curve opposed to that which it would naturally 
describe round the cross-head as centre ; but when 
the pbton has approached the end of the top stroke, 
the curvature of the path in which the end of the 
connecting-rod is moved by the crank is in the same 
direction as that of the circle which it would describe 
round the cross-hiid^ and these curves would coin- 
cide if the connecting-rod were equal in length to 
the crank : it will be easily seen, therefore, that at 
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the top stroke the piston-rod requires bat a small 
movement to enatble the end of the connecting-rod 
to traverse a large portion of the circle of the crank, 
while at the bottom stroke the piston has to travel 
farther to allow of an equal arc^ being described bj 
the crank. From these considerations it follows, 
that the motion of the crank being nearly uniform, 
there must be considerable inequalities in the speed 
of the piston ; and more than a half circle will be 
described bj the crank during the top half of the 
stroke^ and less than a half circle in the bottom half 
of the stroke. The length of the connecting-rod is 
the distance from the cross-head at half stroke to the 
centre of the shaft ; and it is clear, therefore, that 
at mid-stroke the crank cannot be vertical. The 
motion of thevalve partakes of the same species of 
irregularity ; but as the eccentric-rod is much longer 
in proportion to the radius of the eccentric than the 
connecting-rod, that inequality only may be noted 
whkdi arises from the relation between the circum- 
ference of a drcle and its diameter. The irregularity 
arising frpm the angle of the connecting-rod also 
affects the valve, but not to an injurious extent in 
ordinary cases. In fig. 68 we have shown the direct 
connection, as used in some of Stephenson's loco- 
motives, AEBF representJBjT the crank circle, 
and the inner circle that of tlpHjfientric. Suppos- 
ing^ now, that the total length oTthe valve face were 

equal to the distance between the extreme edges of 

2!* 
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die circle which the eccentric describes, it follows 
tiiaty to give the requisite advance, that distance 
must be measured upon the diameter of the circle, 
and the corresponding position of the centre of the 
eccentric is that of which we are in search. 



Fig. 68. 




On the remote' side of the centre of the crank- 
shaft, and on the line of centres, mark off D C, the 
amount of overlap at each end of the valve, and 
draw a line parallel to E F, the vertical centre line 
of the crank-shaft ; the arc of the eccentric circle 
intercepted between these parallel lines is that 
through which the eccentric must move, in order to 
draw the valve through a portion of its stroke equal 
to the overlap D C ; and the point in which the line 
intersects the circle of the ^^ntric is, therefore, 
the position which the centre o^the eccentric should 
occupy when the piston is at the end of its down- 
stroke, and on the very p^iixt of beginning its up- 
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stroke. In practice, however, the valre is not so 
set as to open simultaneously with the commence- 
ment of the stroke of the piston, hut is set so that 
the steam commences to flow into the cylinder a 
very little before the beginning of the stroke; and 
hence, when the piston actually commences its 
stroke, the valve has already partially opened the 
port. To make this adjustment, an additional 
advance must be given to the valve, and of* course 
in. the same direction; and the amount of leady or 
openings which the port has at the commencement 
of the stroke of the piston, must b^ added to the 
lapy their sum froih C to D being treated the same 
in every respect as if the whole were lap ; and so, 
for the sake of brevity, we may treat it. 

Let us suppose now that it was required to find 
the length that the eccentric-rod should be : — Place 
the crank horizontal, so that it may have the piston 
at the bottom of its stroke.; bring round the eccen- 
tric to the corresponding position which we find it 
should occupy, and measure the distance from thai 
point to the centre of the joint by which the eccen- 
tric-rod is to be attached to the valve-rod ; this will 
be the length of the eccentric-rod. When the length 
of the eccfentric-rod is known, either the valve or 
eccentric may be put in its proper place, if one of 
them be already Set : thus^ if the valve be set, as in 
the drawing, and the eccentric-rod connected also 
with the eccentric, it will bring the latter into its 
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place, where it may be fixed ; but if the valve could 
not be conveniently set, it would then be necessary 
to take the following method^ which requires the 
knowledge of the amount of lap, and the length of 
the eccentric-rod. Find, as before, the position of 
the eccentric, attach the rod, and the valve must 
come into connection in the proper position. In 
practice, the most convenient method of finding the 
position of, the eccentric with a given lap is to draw 
a circle, such as H E^ representing the crank-shaft, 
upon a board or a piece of sheet-iron, and another 
equal to the circle of the eccentric, and draw two 
diameters perpendicular to each other; mark off 
from the centre of the crank-shaft, and upon one 
diameter, the amount of lap CD ; through this point 
draw a liue parallel to E F, the other diameter ; the 
points in which this line cuts the circle of the eccen- 
tric are the positions of the forward and backward 
eccentrics. Through these points, and from the 
centre of the crank-shaft, draw lii^es ,G M, G N, 
which will intersect the circumference of the crank- 
shaft ; upon this circumference measure with a pur 
of compasses the chord of the bxc . intercepted 
between, either point of intersection and that of the. 
vertical diameter E F ; and the lines of diameters 
being first drawn upon the shaft itself, then^ by 
transferring with the compasses the distance found 
upon the diagram, the proper position of the eccen- 
tric at the end of the stroke of the piston is at once 
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Bhftft, are moving in the opposite direction. In the 
former oaae there nere no levers, and therefore bo 




reveraAl of the motion. ^Hence, in order ta give 
the valre ihe same motion as hefore, in relation to 
the crank, it is neeesBary to throw the eccentric to 
the opposite etde of the crank-shaft, so that its 
motion may be in the reverse direction, to compsn- 
fl»te for the reversing action of the levers- For 
whereas, ' when upon one side of the shaft they 
oansed the valve to move in the same direction as 
themselves by means of the eccentric-rods, now that 
the levers are introduced, the eccentrics must them- 
selves move in an opposite direction, ^o give the 
valves the same motion as heretofore. And tluB 



■■ BL~ '» MSB W p Mpn g the cccentriea on the 
■■^a* ■■> ^ as sank cebck, nMud which the/ 
VB^ mi. n »«9e. in as oppoaite direction. 




?!^. iJ it ioanfeied to tUnBtr«te the Talre con- 
1 b^omotiTe, in which the 
Eommaniatod tbrongh 
Jtnxi » m -ain, and gesenll;' with ui increase 
^ anw^ Iz dis figure we h^Te the e/linder face, 
watt a» valve ^oa it, at one end of its travel. 
M a»tmn t)f zh* kngth of the Talre throw, from the 
«»i « th« niTe be*, in the direetioa of its traveL 
IW UNw of the Take maj best be found bj adding 
^ Up tu the breadth of the steam-port, and don- 
iiin; uwir nun- If there were no levers interren- 
ia; b«t«v«n the valve and eccentric, the line thus 
\ «hid ia the throw of the ralve, wonld be ' 
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the diameter also of the circle described by the 
centre of the eccentric pulley ; but the use of levers 
interferes with this proportion unless the levers 
be made of equal length. The effect of levers of 
unequal length, in making a proportional inequality 
between the throw of the valve and of the eccentric, 
will be readily seen by reference to a diagram. 
From the centre A of the diameter, representing 
the throw of the valve, draw a line perpendicular to 
the valve face ; and from the same point measure 
off, upon that line, the length of the lever A B^ 
which is to be attached to the valve-rod, and which, 
for distinction, we shall call the valve lever. From 
the point B thus found as a centre with the radius 
B A, describe a portion of a circle intersecting per- 
pendiculars drawn from and D, the extremities 
of the Hne lyhich represents the throw of the valve ; 
from those points in the circumference of the circle 
produce lines through the centre B. On either side 
of the centre line A E, and at a distance from it 
equal to the radius of the eccentric, draw a parallel 
line. Froin B as a centre, with the distance from 
the centre B to the points H E,-^in which the 
parallels intersect the produced lines of the lever, 
as radius, — describe an arc of a circle ; tha radius 
of this circle is the length which the eccentric lever 
must be, in order to give the requisite throw to the 
valve. It will be evident from the inspection of 
this diagram, that if it be desired to give a smaUer 

!!5 
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throw to the valve than that of the e<^centric, it is 
necessary to make the valve lever shorter than the 
eccentric lever ; and if it were desired to make the 
valve throw greater than the eccentric throw, it is 
indbpensable that the valve lever should be made 
proportionally longer than the eccentric lever. If, 
for example, the throw of the valve is to be made 
twice the throw of the eccentric, then th]3 can only 
be accomplished by making the valve lever twice 
the length of the eccentric lever. Hence the rela- 
tions between these quantities are expressed by 
simple proportion ; and any three being given, we 
can readily find the remaining one. For the sake 
of clearness, we shall state the various fotms which 
the proportion will assume. 

FirBt. — Given the throw of the valve, the. throw 
of the eccentric, and the length of the lever attached 
to the valve-rod, to find the length of the eccentric 
lever ; we have then the proportion : — 

Rule. — As the throw of the valve is to the throw 
of the eccentric, so is the length of the valve lever 
to the length of the eccentric lever. 

If we represent the throw of the valve by T, that 
of the eccentric by <, the valve lever by L, and the 
eccentric lever by Z, we will have the proportion in 
a condensed algebraic form, thus, — T": tiiJuil; or 
taking the actual dimensions in inches of the engine 
before us^ 4*5 : 8 : : 9 : 6. 
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Secondly. — Given the throw of the valve, the 
throw of the eccentric, and the length of the eccen- 
tric lever, to find the length of the valve lever. 
Then, 

Rule. — As the throw of the eccentric is to the 
throw of the valve, so is the length of the eccentric 
levw to the length of the valve lever : 

Or, algebraically, ^ : T : : ?: L ; or, as before in 
actual dimensions, 3 : 4*5 : : 6 : 9. 

Thirdly. — Given the throw of the v%lve and the 
lengths of the levers, to find the throw of the ec- 
centric. 

Rule. — As the valve lever is to the eccentric 
lever, so is the valve throw to the eccentric throw; 

Or thus, L:?::T:if; or, 9:6::4-5:8. 

Fourthly. — Given the eccentric lever, the valve 
lever, and the eccentric throw, to find the valve 
throw. 

Rule. — ^As the eccentric lever is to the valve 
lever, iJb is the eccentric throw to the valve throw ; 

Or, ?:L::if:T; or, 6:9::3:4-5. 

We formerly explained how the reversing action of 
the levers rendered it necessary to set the eccentric 
on that side of the crank-shaft centre nearest to the 
cylinder ; whereas, in the case of the direct valve 
connection, it was set on the side remote from the 
cylinder. Having now found the means of ascer- 
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taining the lengths of the levers to be employed 
with a giyen throw of valve and eccentric, the next 
step necessary is to determine the true position of 
the eccentric upon the shaft, in reference to the 
crank. 

Place the crank-pin in the dead point ne&rest the 
cylinder ; that is, place the centres of the crank- 
shaft and crank-pin in a line with the centre line 
of the piston-rod. Upon this line of centres A G, 
raise a perpendicular L M, through the point F. 
From F drftw a circle, the diameter of which is 
equal to the throw of the eccentric, and another 
equal to the cranked axle. If the levers are equal, 
mark off from F, upon the line of centres and on 
the cylinder side, the amount of lap, and draw a 
line parallel to L M, cutting the eccentric circle in 
the points N 0. From F draw lines through N and 
to the circumference of the crankecl axle. The 
points N and ai^ the positions of the centres of 
the eccentric pulleys for the forward and backward 
gear, only one of which is necessary for going one 
way. In practice it is convenient to make marks 
at F B, as the points TS( and are inaccessible. If 
there were no lap upon the valve, there would be 
nothing to set off from the centre line L M, and 
therefore that line would give the positions of the 
eccentrics. 

The intersections of the perpendicular A G would 
give the positions of the eccentrics on the shaft if 
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the connecting-rod were infinitely long ; but inas- 
much as the shortness of the connecting-rod intro- 
duces irregularity, the true position of the crank at 
the middle of the stroke of the piston must be 
taken. 

If the lengths of the levers be unequal, the 
throws of the eccentric and valve will also be un- 
equal ; and if the valve lever be the longer, as in 
the case we have taken, the eccentric throw is less 
thai! the. valve throw in the same proportion as the 
eccentric lever is less than the valve lever; and 
therefore, since the eccentric throw is thus less 
than the valve thf ow, by reason of the levers, it 
follows that the lap, which we set off from F, and 
which is part of the valve throw, must also be di- 
minished in the same proportion as the whole 
throw, in order to set off the proper quantity from 
F. . The simplest way of accomplishing this is, by 
marking off the lap from the line of centres, fig. 65, 
at the point A, at the same end as we formerly 
marked off half the valve throw.^ This distance will 
be from A to the edge x)f the port, that being the 
overlap ; then from the edge of the port draw a 
parallel to A G ; and from the point in which this 
parallel cuts the are^of the longer lever, draw a line 
through tlie centre B, and produce it till it cuts the. 
arc K H ; the perpendicular from this point to the 
line E A is the reduced amount of lap, which is to 
be set off from point F. 

26* 
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Another useful problem is the method of finding 
the length of the eccentrio-rod, the positions of the 
crank-shafty and the weigh-bar shaft;, and the length 
of the eccentric lever being given. From the cen- 
tre of the weigh-bar shafl, with the length of the 
eccentric lever as radius, describe an arc ;^ draw a 
tangent from this to the centre of the crai^-ehaft ; 
from the centre of the weigh-bar ahaft drop a per- 
pendicular to the tangential line ; tiie distance from 
the point of intersection to the centre of the crank- 
shaft is the length of the eccentric-rod, and the 
perpendicular is the line of the eccentric lever, 
when^he valve lever is perpendi(;ular to the line of 
the valve-rod : this gives, therefore, the positions in 
which these levers must be keyed upon the weigh- 
bar shaft. 

In fig. 65 the mid-line of the eccentric-rod was 
the same as the line of the piston-rod ; but in £g. 
64 it is thrown down below that of the piston-rod, 
forming an angle with it, the vertex of which is the 
centre of the crank-shaft. In this case the centres 
of the eccentric pulleys must, consequently, be 
moved downwards as many degrees as the central 
line. In order to facilitate this adjustment, we 
may briefly explain, that every circle is supposed 
>to have its circumference divided into 360 equal 
parts, called degrees; and if two diameters be 
drawn in it at right angles to each other, they will 
divide the circumference into four equal parts, each 
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of wliich contains 90 degrees. This, therefore, is the 
means by which the angle is measured ; nor will it 
matter^ although the circle be of any size whatever, 
for it is still equally divided by the two diameters. 
Hence, if the number of degrees contained in the 
angl6 which the mid-line of the eccentric'-rod makes 
with the line of the piston-rod, be measured upon 
any circle described from the centre of the crank- 
shaft, and the angle be laid down upon a board, 
and if from the vertex of the angle a circle be de- 
scribed equal to the diameter of the erank-shaft, the 
chord of the arc of this circle intercepted between 
the lines containing the angle, is the distance to 
be transferred upon the crank-shaft, and through 
which the eccentric pulley must be moved round, in 
order to compensate for the obliquity of the epcen- 
tric-rod. In the example, fig. 64, the mid-line of 
the eccentric-rod, when in gear, lies at an angle of 
five degrees with the line of the piston-rod ; and in 
aU such cases this line is to be taken when refer- 
ence is made to the valve motion ; and the piston- 
rod line is to be taken when reference is made to 
the motion of the piston. In the case of fig. 65, 
these lines were made to coincide, for the sake of 
simplicity. 

. MiseeUaneouB remarks respecting locomotives. — 
The tractive force requisite for drawing carriages 
over well-formed and level common roads is about 
A of the load, at low speeds. On railway^, the 
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tractive force has generally been rated at about 
^ of the load, or 7} pounds per ton, at low 
speeds; but in well-formed railways the tractive 
force is probably less than this^ to keep the train 
moving slowly. The resistance of railway trains, 
however, increases rapidly with the speed, on ac- 
count of the resistance of the atmosphere; and the 
resistance occasioned by the atmosphere may be 
taken at 15 pounds per ton, with an ordinary pas- 
senger tram moving at the rate of 30 miles an 
hour. The friction of the engine aiid the resistance 
of the rails vary simply as the velocity, if the power 
of the engine remains the same ; but the resistance 
of the atmosphere varies as the square of the velo- 
city, and the power requisite for overcoming that 
resistance as the cube of the velocity: so that by 
doubling the speed of a train, by diminishing the 
load without increasing the power, the friction is 
doubled, the atmospheric resistance is made four 
times greater than before, and the power requisite 
to overcome that resistance eight times greater. 
This shows the extravagance of high speeds,. even 
if the power were as economically produced at high 
speeds, which is by no means the case. In mode- 
rately light trains, upwards of 60 per cent, of the 
power is expended in overcoming atmospheric re- 
sistance, in speeds of about 35 miles per hour ; and 
the loss will be greater if the trains be very light, 
and present a large frontage. 
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We have already stated that in low-pressure con- 
densing engines the evaporation of one cubic foot of 
water from the boiler may be taken to represent a 
horse power. In high-pressure engines, working 
without expansion, the mechanical efficacy of a cubic 
foot of water raised into steam will be somewhat 
less, on account of the resistance to the motion of 
the piston, occasioned by the pressure of the atmo- 
sphere ; but in locomotive engines, where the work- 
ing pressure is very high, the resistance due to the 
pressure of the atmosphere becomes relatively nearly 
as small as the resistance due to the rare vapor 
within the condenser of a condensing-engine ; and 
it will not, therefore, be a material deviation from 
the truth if, in locomotive engines, working without 
priming, we reckon a cubic foot of water evaporated 
per hour as equivalent to a horse power. An engine 
evaporating 200 cubic feet of water per hour, and 
therefore exerting about 200-horse power, draws 
about 110 tons at thirty miles an hour ; but if there 
were no loss from the resistance of the atmosphere, 
or of the blast-pipe, and no increased friction upon 
the engine from the increased power requisite for 
high speeds, the tractive force, if taken at 8 pounds 
per ton, would only require to be 70*4-horse power 
for 110 X 8 X 2640, the number of feet travelled 
per minute at 30 miles an hour, -{- 88000 « 70*4- 
horse power. The friction of the train, however, at 
30 miles an hour, including that of an engine of 
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200-horse power, cannot be taken at much less than 
10 pounds per ton ; for the friction of an engine in- 
creases with the power exerted, which determines 
the pressure upon its moving parts-; and the friction 
of the carriages is. also increased at high speeds, in 
consequence of the draw-bars being attached below 
the centre of effort of the frontage exposed to the 
wind, whereby the carriages are pressed down more 
firmly on the rails. If the traction be. taken at 10 
pounds per ton, then the power requisite for propul- 
sion of a train, setting aside the resistance of the 
atmosphere, wiU be about OO-horse power, and the 
remaining JlO-horse power is absorbed in overcom- 
ing the resistance of the atmosphere and of the 
blast-pipe. If the speed be increased from 30 to 
60 miles an hour, about 200-horse power vrill be 
required for overcoming the friction of the train, 
and 880-horse power will be required to overcome 
jthe atmospheric resistance ; making 1080-horse 
power, which will be necessary to propel a train of 
110 tons at 60 miles an hour. The evaporation of 
a locomotive boiler is greatest when the speed is at 
its maximum, as the blast-pipe then produces its 
greatest effect ; and the power of the engine varies 
nearly as the rate of evaporation, provided the blast- 
pipe be not unduly contracted. At ordinary rail- 
way speeds, the power of the boiler is seven or eight 
times greater than it would be without the blast, 
though, indeed, such a comparison hardly holds, as 
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without the blast the fire of a locomotive boiler 
would not draw at all. At a speed of .20 miles an 
hour, a locomotive boiler boils off from 10 pounds to 
14 pounds of water per square foot of heating-sur- 
face, and the rate of evajioration varies nearly as 
the y/ of the speed. 

The adhesion of the wheels upon the rails is about 
one-fifth of the weight when the rails are clean, and 
either perfectly wet. or perfectly dry; but when the 
rails are half wet or greasy, the adhesion is not 
more than one-tepth or one-twtlfth of the weight. 
The weight of locomotive engines varies from 15 to 
20 tons. A powerful locomotive engine and tender, 
such as is suitable for high speeds, will weigh about 
25 tons. The consumption of power by the loco- 
motive itself is very great at high speeds, chiefly in 
consequence of the resistance occasioned by the 
blast-pipe to the free escape of the steam. Mr. 
Stephenson considers that, at ordinary railway 
speeds, a locomotive engine will absorb as much 
power as 15 loaded carriages, weighing 60 tons ; so 
that in a train of 15 carriages, half the power is 
consumed by the engine. These determinations, 
however, are all very indefinite, and experiments 
are yet wanting to show the power produced and 
consumed by locomotives under different circum- 
stances. Locomotive engines in England cost from 
$9,000 to $11,000 each. They run, on an average, 
about 130 miles a day, at a cost for repairs of about 
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5 cents per mile ; and the cost of locomotive power, 
including repairs, wages, oil, and tallow, and coke, 
may be taken at 12 cents per mile, on economically 
managed railways. This does not include a sinking 
fund for the renewal of engines which may be worn 
out, and which may be taken at 10 per cent, on the 
^original cost of the locomotives. On second class 
railways, the expense of locomotives, and workshops, 
and tools for repairing them, may be set down at 
$10,000 per mile. 

Economy of fuel in locomotives is materially pro- 
moted by working expansively ; but all attempts at 
economizing fuel in locomotives should begin with 
an increase in the area of the fire-grate, so that the 
power of the engine may not suffer so large a dimi- 
nution by the creation of the necessary draft. 

Every locomotive engine should be furnished with 
efficient expansion apparatus of some kind or other ; 
as, setting aside the economy of fuel accomplishable 
by expansion, it is clear that expansion acts bene- 
ficially by diminishing the weight of the boiler, 
which may be made smaller at every increase of 
the efficiency of the steam. When the draft is 
strong, a great loss of effect is caused by opening 
the furnace door, from the refrigeration due to the 
large volume of air admitted ; and it would be a 
material improvement if the furnace could be fed 
by some such mechanism as the revolving grate» 
The use of sediment-collectors in locomotive boilers 
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T^fe. auiMruac r^-tkii* v-X %» xvb«& £tik ^ir tcw kS a* ca*^ • ^J w the 




1! PI iKSt ftae ascLaptat a eiaw aif AaMriaB 
iM if Aw nbMBcxaftl sampan 



TSE PRAC TICAL COntOT-SPUJER AHD KAIU- 
JAlTliL£2: Or. Ibe Xaaager't and Oreneer's 



Ti^ -v-rrfif rmtutf & C-:ainikeBEEW Syncs of Calcalatioiis 
f'C KlI -.v»fcr-^ mmi 3<fcr»'iigx, &ob the fim moTing power 
7Lr4>i:£X iht irftnaft 7>rMtn»» cu CAr£xip. DrAvia^ Slabbiii^ 
7. . ^-1^. >:LU:ni^ sai VHTis^ &iK4M u> Aseneaa Machinerr, 
I*nk-zj:«(. aac rsLfK. O.OLTCDiiraa TftK«* <^Tanis and Bccds 
*rt iij3{>£. niJ>":r«e»£ ij Ikrc* ^csiiri^inwin^ of the most 
L7>:r. 1 «*L AiDif jrtu. CuH:-:a. ^cAciisK-rx. C^oDp'^eie in One Tolnme, 
.«^:k' 1 - $3.50 



n.i> Mi'^-K nf >ncs » rn^MsSaiixaMr. W CcrrB Brucx. at de wiugd for the 



THS FEACTXCAL SEIAIrWQRKER'S A8SISTAHT, 



J:c T^3r-r^t* ir.-irifrs. Rrasifrss. C^f'^percaBiths, Snc-Plate 
C»n.iai«a:5<r? u»£ ^»«Krfw ^■^nt Wwiei*. Whitesmiths. Black- 
*aL:-:.?v 5*C1 Hiz4?f«. Ji"w-f-r<r«. SijTtr asi C'C-M Smiths, £lec- 
rr.-CTT<«*. aisi all i-sis- W.-rk^rs in Alk-rs and Metals. Bt 
O^^x^x^ H:cnjLrmx. £iiT«sL vitk iap-wtant additions, by 
J'-jiTTX ?T3J5X. C^;3tr*«« iiL Ore T^^^2£e, i>ctaTo $4.W 

'- vL". T?nM tf Cbfejcmc F.-vafiar. Cfti F.-vc^ec: ct Tsma xoA otber Tools: 

1 .••i.:kM a c V;<^<« ui£. V-j-'^^k ^t:.';;.T>x a^i Hii'.ml. T^ l aMU i CTi fPS of For 
X-. —v ." k-. m£ uir r /ujiir«£ V-A ^«*:;« 3l««jik Jcnuiif and WcrkiDg SbeK 
Vk-:*.. f^KL X :H.rc»r» r£ t^ ciSrfiVK; T'X-4» «wg«'j<ii. rxwe m w M dependent on 
.l<i ^A.-ViV^ /i %(«MiL V^cv Ifew^R. Itavmc 3lMal Tcbea. SoldeiKBj;. The 
4.-^ .Y .Sr ZKtfw^M^ ««£ tfivrr MJkflr kKvm Mrtai-Wcvkcr** TooL To the 
"»•:«-<> «Y ^iC>si^i>di:« :T..-rLK Fiua ^M >^*wi all thai i» ne^il asd peraliar 



THE MANTJEACTUEE OF IRON IN ALL JTS 
VAEIOUS BSANCHES: 

To which is added aa Essay on the Manufacture of Steel, by 
Fredbrick Overman,- Mining Engineer, with one hundred and 
fifty Wood Engravings. A new edition. In One Volume, oc- 
tavo, five hundred pa^ $5.00 



We have now to announce the appearance of another valuable work on the 
autiject which, in our humble opinion, supplies any deficiency which late im- 
provements and discoveries may have caused, from the lapse of Ume since the 
date of ** Mushet" and " Sohrivenor." It is the production of one of our trans- 
atlantic brethren, Mr. Frederick Overman, Mining Engineer; and we do not 
hesitate to f)et it down as a work of great importance to all connected with the 
iron intitrest ; one which, while it is sufiElciently technological fuJIy to explain 
ebemieal analysis, and the various phenomena of iron under different circum- 
stances, to the patisfaetion of the most ikstidlous, is written in that clear and 
comprehensive style as to be available to the cajKaeity of the humblest mind, 
and consequently will be of much advantage to those works whore the proprie- 
tors may see the desirability of placing it m the hands of their operatives. — 
London Morning Journal, 



A TREATISE ON THE AMEBICAN STEAH-ENOINE. 

Illustrated by numerous Wood Cuts and other Engravings. 
By Oliver Byrne. In One Volume, royal 8vo. (In press.) 



FEOFELLEES AND STEAH NAVIGATION: 

With Biographical Sketches of Early Inventors. By Robert 
Macfarlanb, C. E., Editor of the <* Scientific American.'* In 
One Volume, 12mo. Illustrated by over Eighty Wood Engrav- 
ings 76ct8. 

The olgect of this << History of Propellers and Steam Navigation*' is twofold. 
One is the arrangement and description of many devices which have been in- 
vented to propel vessels, in order to prevent many ingenious men ttova. wasting 
their time, talents, and money on such prcgects. The immense amount of time, 
study, and money thrown away on such contrivances is beyond calculation. 
In this respect, it is hoped that it will be the means of doing some good.— 
Prtfojtx, 

MATHEMATICS FOE FEACTICAL MEN : 

Being a Common-place Book of Principles, Theorems, Rules, 
and tables, in various Departments of Pure and Mixed Mathe- 
matics, with their applications, especially to the pursuits of 
Surveyors, Architects, Mechanics, and Civil Engineers. With 
numerous Engravings. By Olinthus Qregort, LL.D., F. R. 
A. S ...$1.60 

Only let men awake^ and fix their eye^ one while on the nature of things^ 
another while on the application of them to the use and servioe of mankind.— 
LordBouxm, 



PRACTICAL SERIES. 



Thb Tolumes in this series are published in duodecimo form, 
and the design is to furnish to Artisans, for a moderate sum, 
Hand-books of the different Arts and Manufactures, in order 
that thej maj be enabled to keep pace fUth the improyements 
of the age. 

There hare alreadj appeared — 

THE AMERICAN MILLER AND MILLWRIQHT'S ASSIST- 
ANT. $1. 

THE TURNER'S COMPANION. 76cts. 

THE PAINTER, GILDER, AND VARNISHER'S COMPA- 
NION. 76cts. 

THE DYER AND COLOUR-MAKER'S COMPANION. 76cts. 

THE BUILDER'S COMPANION. $1. 

THE CABINET-MAKER'S COMPANION. 76cts. 

The following, among others, are in preparation : — 

A TREATISE ON A BOX OF INSTRUMENTS. By Thomas 

KximsH. 
THE PAPER-HANGER'S COMPANION. By J. Aeeowsmith. 



THE AMEBIGAV KULEE AKD MnLWEIGHrS 

ASSISTANT: 

By William Cabteb Hughes, Editor of " The American Mil- 
ler," (newspaper,) Buffalo, N. Y. Illustrated by Drawings of 
the most approved Machinery. In One Volume, 12mo $1 

The author offers it as a substantial reference, instead of speculative theories, 
which belong only to those not immediately attached to the business. Special 
notice is also given of most of the essential improyements which hare of late 
been introdumd for the benefit of the Miller. — Sav>annah Republican. 

The whole business of making flour is most thoroughly treated by him. — 
BuHieUn. 

A very comprehensive view of the millwright's business. — Souihem LUarary 
Masenger. 



THE TUENEE'S COMFAinON: 

Containing Instructions in Concentric, Elliptic, and Eccentric 
Turning. Also, various Plates of Chucks, Tools, and Instru- 
ments, and Directions for using the Eccentric Cutter, Drill, 
Vertical Cutter, and Circular Rest ; with Patterns and Instruc- 
tions for working them. Illustrated by numerous Engravings. 
In One Volume, 12mo 75ct8. 

The object of the Turner's Companion is to mcplain in a clear, concise, and 
intelligible manner, the rudiments of this beautiful art. — Savannah RepulHioin. 

There is no descriptiou of turning or lathe-work that this elegant little treatise 
does not describe and illustrate. — Weatern Lit Messenger. 



r ::.; 



THE FAINTEB, OILDES, AHD VABHISKEB'S 

COHPANIOIT: 

Containing Kales and Riegulations for eyery tiling relating to 
the arts of Painting, Gilding, Varnishing, and Glass Staining ; 
nnmerous nsefiil andmlaable Beceipts ; Tests for the detection 
of Adulterations in Oils, Colours, &o., and a Statement of the 
Diseases and Accidents to which Painters, Gilders, and Yar- 
nishers are particularly liable ; with the simplest methods of 
Preyention and Bemedj. In one yol. small 12mo., cloth. 75ots. 

Rejecting all that appeared foreign to the ral^ectt the compiler has omitted 
nothing of real praetiol WOTth. — mmPs Merehants MdgaHne, 

An excellent practieal wjrkt and one whieh the practical man cannot afford 
to be wiihont. — Fotrmer and Mechanic. 

It oonttl^ every thing that is of interest to persons engaged in this trade. 

This book will proTP valaable to all whose business is in any way connected 
with painting.— pott's WeeJdy. 
Cannot fSdl to be usefoL— i^. T, CbmmereiaL 



THE BTJUDEB'S POCKEX COXPAinOir: 

Containing the Elements of Building, Svryeying, and Archi- 
tecture ; with Practical Bules and Instructions connected with 
the subject By A. C. Smbaton, Ciyil Engineer, &c. In one 
yolume, 12mo. $1. 

CoxTCNTs: — ^The Builder, Carpenter, Joiner, Mason, Plas- 
terer, Plumber, Painter, Smith, Practical Geometry, Suryeyor, 
Cohesiye Strength of Bodies, Architect 

It gires, in a small space, the most thorough directions to the builder, firom 
the laying of a brick, or the felling of a trM, up to the most elaborate pro* 
duction of ornamental arddtccture. It is sdentiflcL without being obscure uid 
unintelligible, and every house-carpenter, master, journeyman, or apprentice, 
should have a copy at hand always. — Evening BuUetin. 

Complete on the sulgects of whidi it treats. A most vMtal practical work. 
— BaU. AmeHcaau 

It must be of great practical utiliey. — Savannah RepvhUean. 

To whatever branch of the art of building the reader may belong^ he will 
find in this something valuable and calculated to assist his progress. — FUrmtr 
and Mechanic. 

This is a vaJuable little volume, designed to araist the student in the acquisi- 
tion of elementary, knowledge, and will be found highly adTautageous to every 
young man who has devot^ himftclf to the interesting pursuits of which it 
treats.— Fii. Herald. 

1* 
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THE DIBB AMD OdLOVBrMAZEa'S COM- 

PAIIOV: 

C— tiiiiiiigiywrds of two kvadr^ Becapts for makmg Co- 
!«% OB tiM Boot m^roTod principles, for all the Tarioiu styles 
lai fiUirics BOW in oxistsBee; witk tiM ||p>iiring Process, and 
plaiB DireetioBs for Prcporiai^ W aslung-oi^ and Finishing the 
Goods. In OBO TotoM, bbsII 12bo., cloth. 75 ets. 



if MMftOT «r 1k«k BMi* «aBBdlMt €ia« «r ptMttal bodki^ vMdi the 
if flhriRK to tte yuMit. Ivdni «• talteva Itan if not, ftr BMnu- 




THE CABHET-KAXER aid VIHOLSTEBEB'S 

COKPAHOV: 

CompTisiBg the Bndimcnts and Principles of Galunet Making 
and Uphdlstery, with familiar instroctions, iHnstrated by Ex- 
amples, for attaining m proSdoncy in the Art of Ihcmwing, as 
a^lieable to Cabinot Work ; the processes of Yeneering, Inlay* 
ing, and Bohl Work; the art of Dyong and Staining Wood, 
iTory, Bone, Tortoise-shell, etc Directions for Lackering, Ja- 
panning, and Varnishing ; to make French Polish ; to prepare 
the best Glnes, Cements, and Compoutions, and a number of 
Beceipts particularly nseftil for Workmen generally, witii Ex- 
planatory and lUostratiTe Engravings. By J. Stokxs. In one 
Yolnme, 12mo., with illustrations. 75 cts. 



THE FAFER-HAHGER'SCOKPAHIOV: 

^ In which the Practical Operations of the Trade are system- 

atically laid down ; with copiou^pirections Preparatory to Pa- 
pering ; Preventions against the effect of Damp in Walls ; the 
yarious Cements and Pastes adapted to the seyeral purposes of 
the Trade; Observations and Directions for the Panelling and 
Ornamenting of Rooms, &c. &c. By Jambs Abbowsmith. In 
One Volume, 12mo. (In press.) 






•>-•» 



THE PBTTIT, FLOWER, AITB EITCHEH OABDEN. 

Bj Patbiok Nkill, L,L.D. 

Thoroughly revised, and adapted to the climate and seasons 
of the United States, bj a Practical Hortioaltarist lUustrated 
by nomeroos Engrayyigs. In one yolome, 12mo. $1.26. 



HOUSEHOLD MEDICINE. 

In one yolume, 12mo. Uniform with, and a companion to, 
the above. (In immediate preparation.) 



•-• 



X' 



HOUSEHOLD SUBOEEY; OB, HIKTS OH EMEBp 

GEHCIES. 

By J. F. South, one of the Surgeons of St. Thomas's Hos- 

pitaL In one volume, 12mo. ninstrated by nearly fifty En- 

gravingfp $1.25. 

contents: 

The Doctors Shop, — ^Poultices, Fomentations, Lotions, Lini- 
ments, Ointments, Plasters. 

Surgery, — ^Blood-letting, Blistering, Vaccination, Tooth-draw- 
ing, How to pat on a Roller, Lancing the Gums, Swollen Veins, 
Bruises, Wounds, Tom or Cut Achilles TeAdon, What is to be 
done in cases of sudden Bleeding from various causes. Scalds 
and Bums, Frost-bite, Chilblains, Sprains, Broken Bones, Bent 
Bones, Dislocations, Ruptures, Piles, Protruding Bowels, Wet- 
ting the Bed, Whitiow, Boils, Black-heads, Ingrowing Nails, 
Bunions, Corns, Sty in the Eye, Blight in the Eye, Tumours in 
the Eyelids, Inflammation on the Surface of the Eye, Pustules 
on the Eye, Milk Abscesses, Sore Nipples, Irritable Breast, .^ 

Breathing, Stifling, Choking, Things in the Eye, On Dress, ^ 

Exercise and Diet of Children, Bathing, Infections, Observations *•■ 

on Ventilation. 



/; 
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IHB BVCTCLOPEDIA OF UiUSMiSTBT, FEAGTI* 
CAL AHD THEOBEnCAL: 

Embrmeing its applieatioii to tht Arts, Metallargj, Mineralogj, 
Geology, Medicine, and Pharmaoj. By Jajcss C. Booth, Melter 
and Refiner in the United States Biint ; Professor of Applied 
Chemistry in the Franklin Institate, etc.; assisted by Gaxpbkll 
KoETiT, anther of '* Chemical Manipulations," etc. Complete 
in one Tolnme, royal octaTo, 978 >agee, with numerous wood 

ents and other illnstrations. $& 

It eowra the wlwl* fttld of Ohemifltry m applied to Arts sad Sdenoet. • • • 
As BO Utararf is eoai|dete witlMvt a eomason dietkmarj, tt is also our t^nioa 
tbatnoae can be without this Eaejclopedia of Chmmititij.—Seimt^ Awtariean. 

A work of tisM and laboar, and a treasuy of rtwmlnal iBtematloii.-— iVbrM 



^7 &r the best manual of the kind which has beoi pro sa n ted t#tlie Ameri- 
can pnbUe. — Bottom Ctmrier. 
An inTaloable work tot the ilimmmtnitinm of sound praetiGal knowledge.— 



A treasory of diemieal inJbnnatioB, indmdUng an the latest and most import* 
ant diaooTeries. — BaMmom Amurieom. 

At the first glanee at this masslTe Tohime^ one is amassd at the amount of 
feadinf ftamished in its compact doable pagea^ about one thousand in number. 
A farther examinatioa shows that erery page is xidity sloced with inlbrma- 
tloa, and that while the labours of the authors baye eoreied a wide field, they 
have ne^leeted or slighted nothing. Krery chemical term, substance, and pxt^ 
eess is elaborately, but intelligibly, described. The whole science of Chemistry 
is placed beftre the reader as ftdly as is practicable, with a science oontinuiJly 
progressing. * * Unlike most American works of this <dass, the anthors have 
not depended upon any mie European work for their materials. They have 

SUhered theirs from wmrks on Chemistry in all languages, and in all parts of 
urope and America; their own experience, as practical diemi^ being ever 
ready to settle doubts or reconcile conflicting authorities. The firuit of so much 
toil is a work thatmust cTsr be an honour to American Scienoe.— -JEboiiiv M- 



FEEFTJMEBT; ITS MANUFACTUBE AND TTSE: 

With Instructions in every branch of the Art, and Receipts 
for all the Fashionable Preparations ; the whole forming a yalu- 
able aid to the Perfumer, Druggist, and Soap Manufacturer, 
niustrated by numerous Wood-cuts. From the French of Cel- 
nart, and other late authorities. With Additions and Improve- 
ments by Campbell Mohfit, one of the Editors of the ** Ency- 
clopedia of Chemistry." In one volume, 12mo., cloth. $1. 
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A TBEAUSE ON A BOX OF nrSTETTMEHTS, 

And the Slidb Rule, with' the Theory of Trigonometry Suid 
Logarithms, including Practical Geometry, Sunreying, Measur- 
ing of Timber, Cask and Malt Gauging, Heights and Distances. 
By Thomas Ebntish. In One Volume, 12mo. (In press.) 



STEAM FOR THE MILLION. 

An Elementary Outline Treatise on the Nature and Manage- 
ment of Steam, and the Principles and Arrangement of the 
Engine. Adapted for Popular Instruction, for Apprentices, and 
for the use of the Navigator. With an Appendix containing 
Notes on Expansiye Steam, &c. In One Volume, 8To...37i cis. 



STLLABTTS OF A COMPLETE COUESE OF LEC- 
TUBES ON CHEMISTRY: 

. Including its Application to the Arts, Agriculture, and Mining, 
prepared for the use of the Gentlemen Cadets at the Hon. E. I. 
Co.'b Military Seminary, Addisoombe. By Professor E. Sollt, 
Lecturer on Chemistry in the Hon. E. I. Cc's Military Seminary. 
Reyised by the Author of ** Chemical Manipulations." In one 
Tolume, octaYO, doth. $1.25. 

The present work is designed to ooenpy a Taoant place In the libraxfei of 
Gfaemkail text-books. It is admirably adapted to the wants of both TBACHUt 
and pura.; and will be found especially oonrenient to the latter, either as a 
companion in the class-room, or as a remembrancer in the study. It gires^ at 
a glance, under appropriate headings^ a classifled riew of the whole science^ 
which is at the same time compendious and minutely accurate; and its wide 
margins aflford sufficient blank gptnee for such maanscnpt wrtes aa the student 
may wish to add during lectures or recitations. 

The almost indispensable advantages of 8ao|i aaimpressiTe aid to memory 
are eyident to every student who has used one in other branches of study. 
Therefore, as there is now no Chemical Syllabus, we hare been induced by the 
excellencies of this work to recommend its republication in this country ; con- 
fldent that an examination of the contents will produce full conTiction of its 
intrinsic worth and usefulness.— .EUttor** Prffaee. 
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BLBCTROTYSE KAJiir u jJLTIOV : 

Being tlM Theory mad FUin Instmetioiis in the Art of Working 
Ib Metnli, bj Preeii»tatiBg thea from thdr SolntionB, through 
tte ngCBcy of GmlTmnie or ToUaie Eleetrieity. By CHAnLss Y. 
Walkkb, Hon. Secretary to the London Electrical Society, etc. 
DhMtnted by Wood-cats. In <Hie Tohime, 24mo., doth. From 
te thirteenth London edition. 62ct8. 



FHOTOCKnC KAIIFULATIOV: 

Containing the Theory and Plafai Inatmctiona in the Art of 
Fhotogn^hy, or the Prodnetiona of Pictorea throng the Agency 
of Li|^t ; including Calo^jpe, Chiyaotype, Qyanotype, Chroma- 
^pe, fiiergiatype, Anthotype, Amphitype, Daguerreotype, 
Thermogn^hy, Electrical and Oalranic Impresaions. By 
Ononoa Thomas Fismkb, Jr., Assistant in the Laboratory of 
the London Institution. Illiistrated by wood-cats. In one to- 
lame, 24mo., doth. 62ct8. 



MATHEKATICS POE PRACTICAL MEF : 

Being a Common-Place Book of Principles, Theorems, Roles, 
and Tables, in Tarioas departments of Pare and Mixed Mathe- 
matics, with their ApplicaUons ; especially to the porsoits of 
Sarreyors, Architects, Mechanics, and Ciril Engineers, with na- 
meroos Engrarings. By Olisthus GnnooiLT, L. L. D. $1.50. 



Only ]«t men mwnka, mad is thair mya, one whDe eu the Baton of tiiiiicfi. 
Mothw while oa the a|>plieatkiB of tfaem to the vm and eerviee of maaklnd. 



AH ELEMEHTABY COTJESE OF DTST EITCTIOE 
OE OEBEAECE AND OUEHEEY: 

Prepared fbr the ase of the Midshipmen at the Naval SchooL 
By Jamss H. Wabd, U. S. N. In one Yolame, octaro. $1.50. 



''.'. .^ . ^\ •''-.: . ,n. .^^...^ . ~- - -w -■■....■AtL-]L..Tljl-j, 
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SHEEP-HUSBANDBT IN THE SOUTH: 

Comprising a Treatise on the Acclimation of Sheep in the 
Southern States, and an Account of the different Breeds. Also, 
a Complete Manual of Breeding, Summer and Winter Manage- 
ment, and of the Treatment of Diseases. With Portraits and 
other Illustrations. By Henbt S. Randall. In One Volume, 
octaTO. * $1.25 



ELWOOFS ORAUr TABLES: 

Showing the yalue of Bushels and Poimds of different kinds 
of Grain, calculated in Federal Money, so arranged as to exhibit 
upon a single page the yalue at a given price from ten cents to two 
doUara per bushel, of any quantity from one pound to ten thotuand 
btuhels* By J. L. Elwood. A new Edition. In One Volume, 
12mo $1 

To Millers and Prodaoe Bealen this work is pronounced bj all who haTe it 
in vm, to be superior in arrangement to anr work of the kind pabUshed-^vad 
unerring accuraesf in every ealnUation may be rtHAei uponin eoery vnttance. 

4^ A rewanl of Twenqr-flre Dollars is oJEsred Ibr an error of (MM cent Ibond 
in the work. 



MISS LESLIE'S COMPLETE COOSE&T. 

Directions for Cookery, in its Various Branches. By Miss 
Lkslib. Forty-second Edition. Thoroughly Beyised, with the 
Addition of New Receipts. In One Volume, 12mo, half bound, 
or in sheep $1 

In preparing a new and careflilly rerised edition of this n^ first work on 
oookery, I hare introduced improyements^ corrected errors, and added new 
receiptor that I trast will on tnal be found satisfbotory. The success of the 
hodt (proved by its immense and increasing circiulatiqn) affords conclusiTe eyi- 
denoe that it has obtained the approbation of a large number of my country- 
women; many of whom hare informed ma that it has made practical house- 
wires of young ladies who hare entered into married lifo with no other acquire- 
ments than a few showy accomplishments. Gentlemen, also, have told me of 
great improrements in the fkmily table, after presenting their wives with this 
manual of domestic oookery, and that, after a morning devoted to the fatigues 
of business, they no longer find themselves sutijeoted to the ann(>yanoe of an 
ill-dressed dinner.— fV^oce. 



UBS LESLIE'S TWO HXnn)SED BECQEIFTS IV 

FBSirCH COOKERT. 

AnewBdiUon, in cloth ....« .it....25 «tf. 
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TABLES OF LOQAEI THMS F OR EKOINEEBS AHD 

1CACHIHI8TS: 

Containing the Logarithms of the Natural Numbers, from 1 to 
100000, by the help of Proportional Differences. And Loga- 
rithmio Sines, Cosines, Tangents, Co-tangents, Secants, and Co- 
secants, for erery Degree and Minute in the Quadrant. To 
which are added, DifPeroices for ererj 100 Seconds. By Outkb 
BTBini, Ciyil, Military, and Mechanical Engineer. In On« 
Volume, 8to. cloth. $1 



TWO HUXDBED DESI017S FOE COTTAGES AND 

VILLAS, &c. fte. 

Original and Selected. By Thomas U. Waltsk, Architect of 
Oirard College, and Johx Jat Smith, Librarian of the Phila- 
delphia Library. Li Four Parts, quarto $10 



7AET FSnrCIPLES OF CABFEHTBT. 



By Thomas Tbbdoold. Jn One Volume, quarto, with nume- 
rous Illustrations $2.50 



A TBEATISE ON BBEWHSTO AND DISTILLINO, 

In One Volume, Svo. (In press.) 



FAMILY EHCTCLOFEDIA 

Of Useful Knowledge and General Literature; containing 
about Four Thousand Articles upon Scientific and Popular Sub- 
jects. With Plates. By John L. Blake, D. D. In One Volume, 
8yo, full bound $5 



SYSTE MATIC A BKANQEMENT OF COXE*S FIRST 
INSTITXJTES OF THE LAWS OF ENGLAND. 

By J. H. Thomas. Three Volumes, 8to, law sheep $12 



AN ACCOUNT OF SOME OF THE MOST IMFOBT- 
ANT DISEASES OF WOMEN. 

By BoBSET OoocH, M. D. In One Volume, 8yo, sheep...$1.50 
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STANDARD ILLUSTRATED POETRY. 



THE TALES AND POEMS OF LORD BTRON: 

ninstrated by Hbnrt Warbbn. In One yolame, royal Sto. 

with 10 Plates, scarlet doth, gilt edges 

Morocco extra • , 

' It is illustrated "by serenl elegant engraTings, from original designs by 
Warrsn, and is a most splendid wozk Ibr the partonr or stody.— Anton EiaeuSna 
Gatette, 



CRUDE HAROLD; A ROMAXTlfT B7 LORD BTROH: 

Illustrated by 12 Splendid Plates, by Wabbbn and others. In 

One Volume, royal 8to., cloth extra, gilt edges |6 

Morocco extra f7 

Printed in elegant style, with splendid pietores, fSetr superior to any thing of 
the sort usually found in books of this kind.— iV. JT. Oourier, 



THE FEILALE POETS OF AMERICA 

By Binrus W. Gbiswold. A new Edition. In One Volume, 

royal 8vo. Cloth, gilt $2.60 

Cloth extra, gilt edges $8 

Morocco super extra $4.60 

The best production which has yet oome from the pen of Dr. Obibwolis and 
the most Taluable contribution whieh h^i^iM erer made to the lUenvy oelebritj 
of the oountxy.— iV. Y, Tr^mne, 



THE LAD7 OF THE LAKE: 

6y Sib Waltbb Scott. Illustrated with 10 Plates, by Cob- 
BOULD and Mbadows, In One Volume, royal 8to. Bound in 

cloth extra, gilt edges $6 

Turkey morocco super extra |7 

This is one of the most truly beautiltil books which has cTer issued from tin 
American press. 



LALLA ROOEH; A ROKAHCE BT THOMAS MOORE: 

Illustrated by 18 Plates, from Designs by Cobbould, Mba- 
]>ows, and STSPHANoyr. In One Volume, royal 8to. Bound in 

cloth extra, gilt edges ^.„ 

Turkey morocco super «xtra 

This is published in a style uniform with the ** Lady of the Ldb.*' 
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THE POETICAL W0BK8 OF THOMAS 0&A7: 

With niustrations by C. W. Badolitf. Edited with a Memoir, 
by Hbnbt Bud, Professor of English Literature in the Uni- 
yersity of Pennsylyania. In One Yolume, 8to. Bound in cloth 

extra, gilt edges $8.50 

Turkey morooco super extra $5.60 

It If numy a day dnee W9 harv eeen laffoed from the prera of oor eountry a 
ToloiiM M) eomplete voA tralj el^;»iit in rvery reepeot. The tjponiHphy if 
IknltlMi^ the illa>tratk»i0 saperlor, and the landing st^Mrh. — Xirov wkSg. 

We have not nen a n>edmen of typogzmphiosl Toxaxy fhnn ue AmerieaB 
pren vhich ean ■uxpeM uia Tolome in choice el(>ganoe. — ^AuCom CbunCer. 

It is eminently calculated to consecrate among American readers, (if they 
hare not been consecrated already in their hearts,) the pure, the elegant, the 
refined, and, in many respe^ the sublime imaginings of Tbomas QaAT.— 



THE POETICAL W0BK8 OF HEHBT WADS WOBTH 

LONGFELLOW: 

Illustrated by 10 Plates, after Designs by D. Huntingdon, 
with a Portrait. Ninth Edition. In One Volume, royal 8yo. 

Bound in cloth extra, gilt edges $5 

Morocco super extra .".'. $7 

This is the Tery luxury of literature — ^Lonofsllow'b charming poems pre> 
■ented in a ibrm ^ unsurpassed l)eauty. — NtaVt Gazette, 



POETS AND POETRY OF^NGLAND IN THE NINE- 
TEENTH CENTTJRY. 

By BuFus W. Griswold. Illustrated. In One Volume, royal 

Syo. Bound in cloth $8 

Cloth extra, gilt edges $3.50 

Morocco super extra $5 

Such is the critical acumen discovered In these selections, that scarcely a page 
is to be found but is redolent with beauties, and the Tolnme itself may be re> 
garded as a galaxy of literary pearls.— lAemoiTa^ RevitM, 



THE TASK, AND OTHER POEMS. 

By William Cowpeb. Dlustrated by 10 Steel Engravings. 

In One Volume, 12mo. Cloth extra, gilt edges .$2 

Morocco extra. $2 

«Th« illnstnitloos In this edition of Oowper are moet axquiiitBly deatgaedaiid 
tfngraTod.** 
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THE FEMALE POETS OF OBEAT BEITAIir. 

With Copious Selections and Critical Remarks. By Fr'ederio 
RowTON. With Additions by an American Editor, and finely 
engraved Illustrations by celebrated Artists. In One Volume, 

royal Svo. Bound in cloth extra, gilt edges $5 

Turkey morocco $7 

Mr. RowTON has premnted us with admirablj selected spfedmens of nearly 
one hundred of the most celebrated female poets of Qreat Britain, fnmi the 
time of Lady Juliana Bemes, the firfit of whom there is any record, to the 
Mitfbrds, the Hewitts, the Coolu, the Barretts, and others of the present day. — 
HunCt MxTciuxni£ Magazine, 



SPECIMENS OF THE BBITISH POETS. 

From the time of Chaucer to the end of the Eighteenth Cen- 
tury. By Thomas Campbell. In One Volume, royal 8to. 
(In press.) 



THE POETS AND POETEY OF THE ANCIENTS: 

By William Petkb, A. 1^ Comprising Translations and 
Specimens of the Poets of Greece and Rome, with an elegant 

engrayed View of the Coliseum at Rome. Bound in cloth $8 

Cloth extra, gilt edges $3.50 

Turkey morocco super extra , 



It. is without fear that we say that no snoh excellent or complete oollection 
htM ever been made. It is made with skill, taste, and judgment— CAofiekon 
I^xirioL 



THE POETICAL WOEKS OF N. PAEKER WILLIS. 

Illustrated by 16 Plates, after designs by £. Lbutzs. In One 
Volume, royal 8yo. A new Edition. Bound in eloth extra, 

gilt edges $5 

Turkey morocco super extra .,', ^ ^7 

This is one of the most beautiAil works ever published in this ooontry.— 
Courier and Inquirer. 

Pare and perfeet in sentiment, often In ezpression, and many a heart has 
been won from sorrow or roused from apathy by his earlier melodies. The 
illustrationB are by Lxotzk, — a sufficient guarantee Ibr their beauty and graee. 
As fw the typographical execution of the yolume, it will bear comparison with 
any £nglish book, and quite surpasses most issues in America.— i^eoTx OatetU, 

The admirers of the poet oould not have his gems in a better form for holi 
day presents.— Tf^ CbnUnent. 
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Complete in One 
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Ik One Yofaime, 12bo, 
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maasBM ghxyaley ; or, the abvehtubes of 

CAFIADT PAS&^GO AND lEACFUS OIUBGAV. 

Bj H. H. BBACEERiiMnL Second Edition sinee the Author's 
dceth. With a. Blognphicel Notice, a Critical Diaqyosition on 
the Work, and Krplanatmy Notes. With Uhiatimtions, finmi 
Oripnal Designs by Daxxxt. Two Tolnmes, P^por corers $1.00 
Cloth or 8l«^^..~^..M~..... ^ $1.25 
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COMPLETE WOBXS dF LOED BOLINOBSOKE: 

With a Life, prepared expressly for this Edition, containing 
Additional Information relatiye to his Personal and Public Cha- 
racter, selected f^om the best authorities. In Four Volumes, 

8to. Bound in cloth .$6.00 

In sheep 7.50 

GHEONICLES OF FINEVILLE. 

By the Author of *< Major Jones's Courtship." lUustrated by 

Dablbt. 12mo, paper. 50 cts. 

Cloth 62 cts. 



OILBEET OTJBNEY. 

By Thkodobb Hook. With Illustrations. In One Volume, 
8vo., paper 50 cts. 



MEMOIES OF THE OENEEAIS, COMMODOBES, 
AlfD OTHEE COMMANDEBS, 

Who distinguished themselyes in the American Army and 
Na?y, during the War of the Revolution, the War ^rith France, 
that with Tripoli, and the War of 1812, and who were presented 
with Medals, by Congress, for their gallant services. By Thomas 
Wtatt, a. M., Author of " History of the Kings of France." 
Illustrated with Eighty-two Engravings from the Medals. 8vo. 

Cloth gilt $2.00 

Half morocco $2.50 



OEMS OF THE BBITISH FOETa 

By S. C. Hall. In One Volume, 12mo., cloth $1.00 

Cloth, gilt $1.26 



VISITS TO BEHABXABLE FLACES: 

Old Halls, Battle Fields, and Scenes Illustrative of striking 
passages in English History and Poetry. By William Howitt. 

In Two Volumes, 8vo, cloth $3.60 

2» 
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SABSATI7B OP THE ABOTIC LAHD EZIBDIXIOV. 

ByCAPTADT Back, B. N. In One Yolumey 8yo, boards... $1.50 



THE XISCELLABEOirS WOBKS OF WHUAK 

HAZTiTTT. 

Indiiding Table-talk ; Opinions of Books, Men, and Things ; 
Lectures on Dramatio literature of the Age of Elisabeth ; Leo- 
tnres on the English Comio Writen ; The S|drit of the Age, or 
Contemporary Portraits, flye Volumes, 12mo., doth... »rS6.00 
HalfcJf $6.25 



FLOSAL OFFEBIHG. 

A Token of Friendship. Edited by FsAiroxs S. Osgood. Illns- 
trated bv 10 beantifol Bouquets of Flowers. In One Volume, 

4to, muslin, gilt edges |8.50 

Turkey morocco super extra. $5.50 



THE HISTOBIOAL E8SATS, 

Published under the title of "Dix Ans D*£tude Historique," 
and Narratives of the Merovingian Era ; or, Scenes in the Sixth 
Century. With an Autobiographical Preface. By Auottstus 
Thibbbt, Author of the ** History of the Conquest of England 

by the Normans." 8vo., paper 75ct8. 

Cloth $1.00 



BOOK OF THE SEASONS ; 

Or, The Calendar of Nature. By William Howitt. One 

Volume, 12mo, cloth $1 

Calf extra $2 



nCEINaS FROM THE ''FOETFOUO OF THE BE- 
FOETEB OF THE HEW OELEAHS FICATUHE." 

Comprising Sketches of the Eastern Yankee, the Western 
Hoosier, and such others as make up Society in the great Me- 
tropolis of the South. With Designs by Dablbt. 18mo., 

paper 50 cts. 

Cloth 62 cts. 
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NOTES OF A TRAVELLEB 

On the Social and Political State of France, Prussia, Switzer- 
land, Italy, and other parts of Europe, daring the present Cen- 
tury. By Samukl Lainq. In One Volume, 8vo., cloth ....$1 

HIST0B7 OF THE CAPTIVIT7 OF VAPOLEOV AT 

ST.HELEVA* 

By Gknebal Count Montholok, the Emperor's Companion in 
Exile and Testamentary Executor. One Volume, 8yo., olotii, $2.60 
Half morocco • $8.00 

MT SHOOTDTO BOX. 

By Frank Fobbbstkb, (Henry Wm. Herbert, Esq.,) Author of 
« Warwick Woodlands," &o. With Illustrations, by Dablit. 

One Volume, 12mo., cloth 62 ots. 

Paper coYcrs SOcts. 

MTSTEBIES OF THE BACEIWOODS: 

Or, Sketches of the South-west — ^including Character, Scenery, 
and Rural Sports. By T. B. Thobpb, Author of ** Tom Owen, 
the Bee-Hunter," &c. Illustrated by Dablbt. 12mo, cloth, 62 cts. 
Paper 60 cts. 

VABBAUVE OF THE LATE EXFEDITIOH TO TS6s 

DEAD SEA 

From a Diary by one of the Party. Edited by Edwabd P. 
MoHTAGUB. 12mo, cloth $1 

MTDBEAMS: 

A Collection of Poems. By Mrs. Louisa S. MoCobd. tfmo, 
boards iSots 



AMEBICAH COMEDIES. 

By James E. Paulding and Wm. Ibving Paulding. One 
Volume, 16mo, boards 60 ots. 
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SAMBLES nr TUCATAH; 

Or, Notes of TraTol through the Peniiunila : including a Visit 
to the Remarkable Bnins of Ohi-chen, Kabah, Zayi, and UzmaL 
With nnmerous IllustrationB. By B. M. Noskav. Seventh Edi- 
tion. In OneYolnmey oetayo, cloth $2 



THE AVEBICAV IV PABIS. 

By JoHV Sahdbbsov. A New Bdition. In Two Yokunes, 
ISmo, doth $1 

This If the moet Milm>tftdl, gnoeAU, and intelligent aketeh of Frani^ man- 
aen, or any oth«r, that we have bad for tbeee tventy yeank— Xondoa MotUhlif 



AOBHrSOV CBTTSOE. 

A Complete Edition, with Six Illnstrations. One Yolnme, 

SfOy paper coTers ^1.00 

Cloth, gilt edges. $1.25 



SCENES DT THE BOCKT HOVHTAnrS, 

And in Oregon, Califomia, New Mexico, Texas, and the Grand 
Prairies ; or, Notes by the Way. By Burus B. Saqe. Second 

Edition. One Yolume, 12mo, paper coyers 50cts. 

With a Map, bound in cloth 75ct8. 



THE FITBLIC MEN OF THE BEVOLUTION: 

Including Events from the Peace of 1783 to the Peace of 1816. 
In a Seri^ of Letters. By the late Hon. Wm. Sullivan, LL. D. 
With a Biographical Sketch of the Author, by his son, John T. 
S. Sullivan. With a Portrait. In One Volume, 8vo, cloth... $2 



ACHIEVEMENTS OF THE KNIGHTS OF MALTA. 

By Albxandeb Sutherland. InOneYolume, 16mo, cloth, $1.00 
Paper 75cts. 



ATALANTIS. 

A Poem. By William Gilmobk Simms. 12mo, boards, STcts. 
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LIVES OP HEir OF LESTEBB AND SCZEHCE. 

By Henbt Lord Bbouohax. Two YolumeB, 12mo, cloth, |1.60 
Paper $1.00 

THE JJFEi LETTEES, AND TOTTEUirALS OF LOED 

BTEON. 

By Thomas Moobb. Two YoluineSy 12mo, cloth $2 

THE BOWL OF FTnTCH. 

lUastrated by Numerous Plates. 12mo, paper 60 cts. 

CHILDBEH IS THE WOOD. 

Illustrated by Habyxt. 12mOy doth, gilt 60 oil. 

Paper 26oti. 

CHABCOAL SXETCHESi 

By Joseph C. Neal. With Illustrations. 12ino, paper, 26 ots. 

THE FOEVS OF C. F. CKAHCH. 

In One Volume, 12mo, boards 87ct8. 

THE W0BK8 OF BElf T. DISSAELL 

Two Volumes, Svo, cloth |2 

Paper coyers ^ ,%l 

NATUEE SISFLATED IN HEB MODE OF TEACE- 

IirO FBENCH. 

By N. G. DuFiEF. Two Volumes, Svo, boards ^^$6 

HATUEE DISFLATED IN HEE MODE OF TEACH- 
ING SFANISH. 

By N. G. DuriEF. In Two Volumes, Svo, boards $7 
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FBEVCH AHD SVGUSH DIOTIOVA&T. 

By N. G. "Duwtmt. In Qne Yolume, Sto, sheep $5 

FS0IS8AST BAUADS AND OTHER POEMS. 

By Philip Piitdliton Ck>OKi. In One Volume, 12mo, 
bonrdi 60ots. 

THE UEE OF BICHABD THE THIED. 

Bj Miss Halstid. In One Volume, 8vo, cloth $1.50 

THE UEE OF HAPOLEOH BOHAPAETR 

By William Hazlitt. In Three Volumes, 12mo, cloth..... 
Hilf calf. 

TRAVELS nr OERMAETT, BT W. HOWTTT. 
ETRE'S NARRATIVE. BURSE'S CABOOL. 

In One Volume, 8to, cloth $1.25 

STUDENT-LIFE IN GERMANT. 

By WfLLiAM HowiTT. In One Volume, 8yo, cloth $2 

IMAGE OF HIS FATHER. 

By Mathsw. Complete in One Volume, Svo, paper. ...25 cts. 

SPECIMENS OF THE BRITISH CRITICS. 

By Chbistophsb North (Professor Wilson). 12mo, cloth. 75 cts. 

A TOUR TO THE RIVER SAUGENA7, IN LOWER 

CANADA. ^ 

By Charlks Lanhan. In One Volume, 16mo, cloth.. ..62 cts. 
Paper....^ 50 cts. 
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TRAVELS IN AUSTEIA, RUSSIA, SCOTLAND, 

ENGLAND AND WALES. 
Bj J. G. Kohl. One Volume, 8yo. cloth $1.25 

LIFE OF OLIVER GOLDSMTCE. 

Bj James Priob. In One Volume, 8yo, boards 2 

OUR ARMT AT MONTEREY. 

By T. B. Thobpb. 16mo, oloth 62 cts. 

Paper coyers 60ot8. 

OUR ARMY ON THE RIO GRANDE. 

By T. B. Thospb. 16mo, cloth 62 cts. 

Paper coyers 60 cts. 

LIFE OF LORENZO DE HEDICL 

By William Boscob. In Two Volumes, 8to, cloth $8 

MISCELLANEOUS ESSAYS OF SIR WALTER SCOTT. 

In Three Volumes, 12mo, cloth |8.50 

Half morocco |4.25 

SERMON ON THE MOUNT. 

Illuminated. Boards $1.50 

" Silk |2.00 

** Morocco super $3.00 

MISCELLANEOUS ESSAYS OF THE REV. SYDNEY 

SMITH. 

In Three Volumes, 12mo, cloth : $3.60 

Half morocco $4.26 

MRS. CAUDLE'S CURTAIN LECTURES 12Jct8. 
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jgoERXOirs bt the bey. stdeet suth. 

One Volimie, 12mo, cloth 75ct8. 

lOSCELLAHEOXrS ESSAYS OF SIB JAMES 

STEFHEF. 

One Volume, 12ino, doUi. $1.25 

THBEE HOUBS; OB, THE YIGU OF LOYE. 

A Volimie of Poems. Bj Bfss. Halb. ISmo, board8...76 cts. 

TOBLOOH O'BBIEff: 

A Tale of the Wars of King James. 8to, paper coTers 12^ eta. 
lUiistrated 87|ct8. 

AH AUTHOB'S HIHD. 

Edited hy 11 F. Tuppib. One Voliimey 16mo, eloth....62 ots. 
Paper coYen 50 ots. 

HISTOBY OF THE AHGLO-SAXOHS. 

By Sharon Tubnbb. Two Volumes, 8yo, cloth $4.50 



FBOSE WOBHS OF H. FABEEB WILLIS. 

In One Volume, 8yo, 800pp., cloth, gilt |3.00 

Cloth extra, gilt edges $8.50 

Library sheep $3.50 

Turkey morocco backs $3.75 

" extra $5.50 



KISCELLAHEOTTS ESSAYS OF FBOF. WILSOH. 

Three Volumes, 12mo, cloth $8.60 

WOBD TO WOMAH. 

By Cabolinb Fry. 12mo, cloth 60 ots. 

WYATTS HISTOBY OF THE SHrGS OF FBAHCE. 

Illustrated by 72 Portraits. One Volume, 16mo, cloth. ..$1.00 
Cloth, extra gilt $1.25 



NEW AMERICAN BOOKS, 



DELF AND TRUBNER, 
12) Paternosteh How. 

jEronautics. 

A SlBTlM OB ^BONACTlca ; Comprehending its Earliest Inveeliga- 
tiona and Modera Practice and Art, doBignad aa a Hiatoty for tlia 
CosUDOti Bcaditr, and Quide to the Btud^t of the Art. WitL a 
Brief Hietoiyof tlie Author's Fifteen Years' Eiperience, Bj Jobs 
WlBK, .aeronaut. 8vo, Ita. doth. 

Africa. 

N0TB8 on HoBTBiSK ApaiOA, the Sahara, and Soudan. By Wm. B. 
HoDoaoH. 3vo, 4>. 

Alphabet. 

aiSBiFiCAK'OB of the AirHiBET. B; C. Ebutsib, M.D. 12mo, St. 

America. 

AUEBicAK Ajmasao Hnd Bepoaitorj of Useful Enowledge for 1852. 
ISmo, Bewed. 

CoLTDs'a TBiVBLLKna' ABD ToiTBiSTa' GmBK-Boos through the 
United States of America and the Canadaa 1 containing Uia 
Boutea and Distani^es on the Qneat linea of TraTel bj Bailioads, 
Cannla, Stage Beads, and ateam-Boat* ; together with Descriptiona 
of tlie several States, and of the Principal Cttieg, Totnu, and ViUitgea 
in each. Aijcompanied wilb a Large and Accnrate Map. ISmo, 
7» (id. cloth. 

The iLLiiSTBATEii Habbbook : a Hew &uide for TraTellerB through 
theUnited Stales of Amorica; containing a DracriptiDn of the States, 
CititH, Towns, Vilhigea, Watering-Places, Colleges, &o. ; nith the 
Boilroad, Stage, and Steam-Boat Routes, the Distaueea firau Phice 
to Place, and the Fares on t)ie Great Travelling Rout^L Embrl- 
lish«<i nith 125 Engnvvings dud a Largo and iU»iinite Map. By 
J. CjLtvuf SMiTn. IBuio, 7g. Hd. cIoHl 

OdiDE-BoDI to the UWITBB STATES, CaSABA, &C. Bj W. WlLUAMS. 
Ulubtrnted with Maps, Plana, &e., ahoving tho DiatancB, Time, md 
Fare, between every Place of Importance in the Union, British 
Colonics in America, &c. &c. 12ma, 6s. morocco. 

The Powee akh Pboqeebb or tub Ubtted STiTBS. Bj Gn 

Tell Podbbik. Translated from the French by E. L. Dir Babby. 
8to, 14». cloth. 

Wesikbu Pokteattubb, and Emigrant's Guide: a Description of 
Wisconsin, Illinois, and Iowa, with IRemarks on Uinncaots, and 
other Territories. By D. S, Curtiss. ISino, Map, 6s. 

Mitchell's New TBiVBLLEa'a GuniE through the United States, 
containing the Prindpal Cities, Towns, Im., Alphabet ically ur- 
ranged; together vrith (he Bailroad, Steam-Boat, Canal and Stjige 
B«nte9, with the Distances, in mileB, &om place to phice. lUustnted 
bj an accurate Map. 6b. 

Colton'b Webtkrn ToDEiaT AMD EMTQBAtrr'a GiriDK through tho 
States of Ohio, Midiigan, Indiana, Illinois, Missouri, Towa, ai ' 
Wisconsin, and the Territories of Miunssota, Missouri, and. I^l 
brasea ; being an accurate and cocciHe \lewrfi^t«i\i. nl «i^ft ^ 
and 'tirritotj, tu\d containing tl\e Bou\ob bh4 "OaXiSoi** ™ 
. peM Lmm of Travel 1 with a Mbp. 4«. M. 
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American Maps. 

GsifTBAL Amebioa. — New Map, from the most recent and authentic 

Sources ; showing the Lines of Communication between the Atlantic 

and Pacific Oceans. In Case. 2s. 6d, 
Delawabe. — ^Township Map. Compiled from the Original United 

States Surveys, and other Authentic Sources. Size, 29 by 32 inches. 

Mounted, 78. 6d. ; in Case, 48. 
EuBOPE, carefully compiled from the latest C^graphioal Sources. 

58 by 44 inches, mounted on rollers, 25s. 

Illinois. — A New Sectional Map of the State of Illinois, compiled 
from the United States Surveys, exhibiting the Internal Improve- 
ments, Distances between Towns, Villages, and Post Offices, the 
Outlines of Prairies, Woodlands, Marshes, and the Lands donated 
to the State by the General Government, for the purpose of Internal 
Improvements. By J. M. Pece, John MESSiNGhEB, and A. J. 
Mathewson. 43 inches by 32 inches. Coloured, and folded in 
a Case, 7«. Gd.; mounted, 128. 6d. 

Indiana. — Map of the State of Indiana^ compiled from the United 
States' Surveys. By S. D. Krsa. 'Exbihitmg the Sections, Frac- 
tional Sections, Situations and Boundaries of Coimties, the Location 
of Cities, Villages and Post Offices, Canals, Railroads, and other 
internal improvements, &c. Size, 66 in. by 48 in. Mounted, 80«. 

Indiana. — ^Map of the State, reduced from the above. Size, 43 inches 
by 32 inches. Moimted, 15«. 

Indiana. — Map of the State, reduced from the Large Map. Size, 15 
inches by 12 inches. In Case, 28. 6d. 

Iowa. — Colton's Township Map of the State of lowa^ compiled from 
the United States Surveys, and other Authorities. 29 inches by 
82 inches. Coloured, and moimted in a Case. 48. 

Mabtland. — Township Map. Compiled from the Original United 

States Surveys and other Authentic Sources. Size, 29 by 32 inches. 

Price, mounted, Is. 6d. j in Case, 4s. 
Mexico. — Map of the Republic of Mexico, compiled from official and 

authentic Sources ; to which is appended a comer Map of the State 

of Central America. Size, 42 by 82 inches. Mounted, lO^. ; in 

case, 7*. 6d. 
Michigan. — Map of the Surveyed Part of the State of Michigan. By 

John Fabmeb. Size, 35 inches by 25 inches. Mounted, lO^. ; 

in Case, 7s. 6d. 
MissiONABY Map of the World, on a Hemispherical Projection, eacli 

Hemisphere being 6 feet in diameter, and both printed on one piece 

of cloth at one impression. Size, 160 by 80 inches. £2. lOs. 
MissoFBi. — ^TownsMp Map. Compiled from the Original United 

States Surveys, and other Authentic Sources. Size, 29 by 32 inches. 

Mounted, 7s, 6d. ; in Case, 49. 

New England States. — Showing the Bailroads, Canals, and Stage 
roads, with Distances from place to place. In Case, 2s. 6d. 

New England and New Yobk ; with parts of Pennsylvania, New 
Jersey, the Canadas, &c., showing the Bailroads, Canals, and Stage 
roads with Distances from place to place. Size, 30 inches by 23 
inches. Mounted. 6s. 6d. 

New Yobz. — Map of the State of New York, showing the Bounda- 
ries of the Counties and Townships, Cities, Towns, and Villages ; 
the Courses of Baihroads, Canals, and Stage-Boads. By J. C. Smith. 
Coloured, and mounted in Case. 49. 

New Yobe. — ^A Map of the State of Kew XotY, -wSSQq. -^ks\» ^ "Oaa 
Adjacent Country, embracing pleoiB ot ^<b "Crmsa^^^. ^5^Sa«», «xv^ 
of the Larger VUlageB. 60 in. by 60 in. "MLaDsntedL oTv^ft«S^ssc^- '^^^ 
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Baths and Bathing. 

A Tbxatibb oh Baths, induding Gold, Sea, Warm, Hot, Vapour, 
Qaa, and Mud Baths ; also, on the Watery Beg^en, S^dropathy, 
and Pnlmonary Inhalation ; with a D^cription of Sathing in 
Ancient and Modem Times. By Johk Bsll, M.D. 12*. doth. 

BibUography. 

The LiBBABY ManuaXi : containing a Catalogue Baisonn^ of upwards 
of 12,000 of the most important Works in every department of 
knowledge in all Modem Languages : in Two Parts. Fart I. Sub- 
jects alphabetically arranged. Fart II. Biography, Classics, Mis- 
cellanies, and Index to Fart I. 128. 

The Libbabian's Manual ; or a Complete Guide for the Formation, 
Arrangement, Preservation, and Management of Public and Private 
Libraries, embradng the Principles of BibUography, Typography, 
lists of Bibliographical Works, Plans for the Classmcation of 
Books, Statistics, Statistics of Libraries, &c. By B. A. G^uiiiD. 
(In press). 

An Index to Periodical Literature; comprising all the Prominent 
Subjects in the Beviews and Periodicals in Alphabetical Order. 
Together with the Names of the Writers, when known. By 
A. B. Poole. Second Edition. (In press). 8vo. 600 pp. 

Nobton's Litebabt Almanac for 1852: containing important 
Literary Information, Accounts of American Libraries, Literary 
Necrology, &c. &c. 6d. 

Nobton's Litebabt G-azette, and Publisher's Circular ; comprising 
complete lists of American and European PubUcations, &o. 
Monthly. 7s. Gd. per annum. 

The Litebabt Wobld ; a Journal of American and Foreign Lite- 
rature, Sdence and Art. Weekly. 18*. per annmn. 

Legal Bioobapht ; or a Thesaurus of American, English, Irish, and 
Scotch Law Books, together with some Continental Treatises, inter- 
spersed with Critical Observations upon their Various Editions and 
Authority, to which is prefixed a Copious List of Abbreviations. 
By J. G. Mabtin, Coimsellor at Law. 8vo, bound, 30». 

Botany. 

The Botanical Text-Book : an Introduction to Sdenti£c Botany, 
both Structural and Systematic ; for Colleges, Schools, and Private 
Students. Third Edition, re-written and enlarged. Illustrated with 
1200 Woodcuts. By Asa Gbat, M.D. 8vo, 10s. 6d. cloth. 

The FopuLAE Nomenclatttee of the Ameeican Floba. By 
Bebthold Seemann. 8vo, Ss. 6d. 

The Q-ENEBA of the Plants of the United States, illustrated 'by 
Figures and Analyses from Nature, by Isaa.o Spbague, with De- 
scriptions by Asa Gbay, M.D. 8vo. Vols. 1 and 2. Each 31s. 6d. 

The Floba of Nobth Amebica. — By Drs. Torrey and Gfray. vol. 1 
and vol. 2, S6s., parts I, II, and III, 7s. Gd. each $ and part lY, 69. 

Brazil. 

Sketches of a Eesidence and Travels in Brazil. By D. P. Kidder. 
2 vols, post 8vo, with engravings. 18*. 

^ddges. 

General History of Bridge Construction : containing Demonstrations 

of the Prindples of their Art and their application to Practice ; 

iumishing the means of c8A£;\i\&iV>\n%^<b ^\3«s&&upon the diords, 

ties, braces, co\inteT-\n»ceB, and o^lW ^fi«t\» cS. ^ ^t^^ «t ^^hwo^a 

of any descriptioii. WVtfci "Pw^^vcbIL iLfiaiitoiJasso.. ^1 ^^noBSD. 

Haupt, A.M. 8to, IBs. 
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California. 

Sig^te ill the Gold Begions, and Soenee by the W»y. By X. T. 

JoHNSOK. With Illustrations. 12mi>, 7«. 6(L 
The QetAogy and Industrial Bcsouroea of OeJifomia. By 1\ T. 

Tybon. Maps. 8to, 7«. 6d, 
Life, Adventures and Travels in California. By T. J. Famham. To 

which are added the Conquest of California, Traveb in Oregon, 

and History of the Gold Begions. 8vo, 12s. 

Carpentry. 

The American House OBrpenter. Fourth Edition. Svo, 900 En- 
gravings, 12f. 

Chemical Manipulation. 

The Mechanical and Chemico-Mechanical Operations of the Labo- 
ratory ; bdng a complete Description of the most approved A^v 
paratus, with ListmotionB as to their Management and Applica- 
tion, both in Manufacturing Processes and in uie moro exact details 
of Analytical Besearch. By Campbill Mosfit. 8vo^ with 4SO 
niustrations, 149. doth. 

Chemistry. 

The Encydopsedia of Chemistry, Practical and Theoretical: em- 
bracing its Application to the Arts, Medicine, and Pharmacv. By 
Jonif C. Booth and Campbell Moafit. Imp. 8vo, 30f. doUi. 

China. 

The Middle Eutodoh. — A Survey of the Geography, Government, 
Education, Social Life, Arts, Beugion, &c., of the Cbineso Empire, 
and its Inhabitants. With a new Map of the Empire. By S. W. 
Williams. Third Edition. 2 vols, 8vo. 

Civil Engineering. 

Elements of Ciyil ENannsBSiva ; being an attempt to consolidate 
the Principles of the various Operations of the Civil Engineer into 
one point of view, for the Use of Students. By Jonir Millinotom. 
8vo, with 273 Illustrations, 2la, cloth. 

Mahajt's Ciyil ENaiNEEBiNa, for the Use of tlio United StaUt^s 
Military Academy. 4th edition, 8vo, 16f . doth. 

Civilization. 

Lectubes on the Progress of Civilization and Govommont, and other 
subjects. By John C. Lord, D.D. 12mo, 48. 6d. 

Classical Literature. 

Marinftl pf Classical Literature : from the Gtsrman of Khcb knbukg. 
With Additions by N. W. FxSBJS, of Amherst College. Koyal 
8vo, cloth, 208, 

Code, New. 

Ciyil Code of the State of Louisiana.— Witli Annotations by 
Whedock S. Upton, LL.B., and Needier B. Jennings. In 2 vo^ 
8vo, SL 3*. By Authority. 

The Code of Pbocedubb of the State of New Yobk, ai Am 
July 10, 1851. With Copious Notes to each Section, the 
mentary Act, and an Appendix, containing the Bulef of 
Courts. By a BCember of tlio Now York Bur. 8vq^ Ala. 

CoDB of the CrviL of the Civil anvX Okiuwk^i V-wwiias^w* 
State of New York. — ^Beporied con\V)\v^A V«^ \>e»CiawaB 
on Fnotioe and Pleadings. % ^oVa. ftTO»\jia?n cAlk^.'N*" 
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Coal. 

The Qeognphical and GeognphicaL DiBtribution of "FomSL Fuel: 
its Production, Consumption, and Commercial Distrilnition in 
all Parts of the World : the Prices, Tariffs, Duties, and Inter- 
national Re<^ulations : with 400 Statistical Tables, and 1100 Analyses 
of Mineral Combustibles. By B. C. Taylob. 8vo, Maps and Difr- 
grani.'*, 30«. cloth. 

Commerce. 

CuMMEucE of Ihe Pbairies ; or, the Journal of a Santa Fl Trader, 
during Eij;ht Expeditious across the Great Western Prairies, and a 
Resitlcn(x; of nearly Nine Years in Xorthem Mexico. By J. GBEOa. 
2 vols. ])Ost 8vo, illustrated \^ith Maps and Engravings, 9s. doth. 

Hunt's Merchant's Magazine and Commercial Beview. Monthly, 
2s. 6<l. iKT Number. 

Protection. — ^The Harmony of Interests. — ^Agricultural, Manufac- 
turing, and Commercial. By Henby C. Cabby. 1 voL Syo, 9s. 6d, 

Tabiff of tlio Duties cluirged by the Customs of the United States^ 
with Laws and Begulations of Imports. Svo, 5s. 

Conchology. 

CoNTBiDUTioNS to CoNCHOLOOY. By Profcssor C. B. Adams. 
Nos. 1 to 10. 

Conduct in Life. 

A Few TnouGnTS for a Youira Man upon EuTEBiNa Life. A 
Lecture delivered before the Boston Mercantile Library Association, 
on its Twenty-ninth Anniversanr. By Hobace Mann, the First 
Secretary of the Massachusetts Board of Education. 12bno, 6d, 

Cotton Spinning. 

Tlic American Cotton Spinner and Managers' and Cabdebs' 
Guide : a Practical Treatise on Cotton Spinning. Compiled from 
tlie Papers of tlie late Bodebt H. Baird. 12mo, 6s. 

Craniology. 

Crania Americana ; or Comparative View of the Skulls of various 
Nations of North and South America, with an Essay on the Varieties 
of tlio Human Species. Imp. folio, 78 Plates, and Map, 61. 6s, 

Crania Egyptica ; or Observations on Egyptian Etlmography, de- 
rived from Anatomy, History, and the Monuments. 4to, Plates, 21*. 

Discourses on Life. 

By Henry Gii^es, Author of "Lectures and Essays." Second Edition. 
12mo, bs. cloth. 

Education, American. 

Tlicory and Practice of Teaching ; or the Motives and Methods of 
Gk)od Sclioolkccping. By David P. Page, late Principal of the 
Normal School, Albany, New York. Fourteenth Edition, 8vo, 7*. 

The School and the Schoolmaster ; a Manual for the use of Teachers, 
Eini>loyer8, Trustees, Inspectors, &c. of Common Schools. By 
A. Potter and 0-. B. Emerson. 8vo, 7s. 

The Common School System of the State of New York, with a His- 
torical Sketch of the Origin, Progress, and Present Outline of the 
System. By S. S. Randall. Svo, 7*. 6d. 

lie Massnchiisott's System of Common Schools ; being an enlarged 
and revised Edition of tlio Tenth Annual Report of the First Seore- 
^uy of tho MasBachoBeWa "Bottt^ oi^^LU<s^.^Qsarcu %^q^ sewed, 7«. 

mrr EaYPT.— Her M.omm\Et&^,Y\iaTo^l5W 
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Electric Telegraph. 

Book of the TeIiEOBafh ; with numerous Illustratioiu. By Daitiel 
Dates. 12mo, sewed, Is, 6d, 

Encyclopaedia Americana. 

Translated from the German Conversations Lexicon, with Additions. 
14 vols. 8vo, 61. 6». 

Engineer's Pocket Companion. 

The Pocket Companion for Machinists, Mechanics, and En- 
GiNEEES. By Oliveb Btene. 12mo, roan tuck, 6s. 6d. 

EngUsh Dictionary. 

A Untveesal and Critical Dictionaet of the English Lan- 
g-uaoe : to which are added. Walker's Key to the Pronunciation of 
Classical and Scripture Proper Names, much enlarged and improved, 
and a Pronouncing Vocabulary of Modem Qeographical Names. 
By E. J. Wobcesteb. Imp. 8vo, sheep, £1. 48. 

A Dictionaet of the English Language, contaming three times 
the Matter found in any other English Dictionarv, a Geographical 
Table of 12,000 Names, Illustrative Quotations, &c. &c. By Noah 
Webstes, LL.D. 4to, Sis. 6d. doth. 

English Grammar. 

The Gbahmab of English GhBAMMABS; with an Introduction, 
Historical and Critical: the whole Methodically Arranged and 
amply Illustrated; with Forms of Correcting and of Parsing, 
Improprieties for Correction, Examples for Parsing, Questions for 
Examination, Exercises for Writing, Observations for the Advanced 
Student, Decisions and Proofe for the Settlement of Disputed 
Points, Occasional Strictures and Defences, and Exhibition of the 
several Methods of Analysis, and a Key to tlie Oral Exercises : to 
which arc added. Four Appendixes, pertaining separately to the Four 
Parts of Grammar. By Goold Bbown, Author of the "Institutes 
of English Grammar," &c. &c. 1 voL 8vo, pp. 1028, 21*. doth. 

English Gbahmab in Familiar Lectures, and a System of Philoso- 
phical Grammar. To which are added an Appendix and a Key to 
the Exercises. By S. Kibkham. 12mo, sheep, 3*. 6d. 

Essays and Reviews. 

By Edwin P. Whipple. Second Edition. 2 vols. 12mo, 14*. doth. 

Ethics. 

Manual of Political Ethics. By F. Lieber. 2 vols. 8vo., 28*. 
An Inteoduction to Ethics, from the French of JouiCroy. By W. II. 
Channing. 2 vols. 8vo, 14s. 

Ethnology and Ethnography. 

Ethnogeaphy and Philology of the United States Exploring Expe- 
dition. By n. Hale. Vol. 1. containing the Lunguagt»8 of the 
Pacific Islands, and tlio Western Coast of America. Imp. Ito, 3^. Ss. 

An Investigation of the Theories of the Natural llistory of Man, 
By LawTcnce, Pritchard and others, founded upon Anunol Ana- 
logies, and an outline of a new History of Man, founded upon 
History, Anatomy, Physiology, and Human Analogies. By Wil- 
liam F. Van Amringe. 8vo. 21*. 

The l^ROGBESS of Ethnology. — ^An account of recent ArduBoloffioa], 
Pliilological and G«ograp1iical Bicsearchcs in various parts of the 
01obe, tending to eludd^ the Physical Hiatorj oCi&SRi. '&^ '^^bb 
JRuaacll Bartlott. 8vo, 6s. 
Thouqhts on tho Original Unity of tlvo HiMmKalRjaco. "B^ ^- ^*J*», 
WELL, M,D. 2d edition, revised. 12mo, 4a. Wl 
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Founding and Moidding. 

Tlie Mouldsb's and Fouvdeb's Fockbt Quibb: a Treatiie on 
Moulding and Founding in Qreea Sand, Dry Sand, Loam, and 
CVment, &c.; with an Appendix. By F. Ovbbman. WiUl42 
Wood EngniTiiigs, 12mo, 6«. 

(ieography. 

Ancient and Medleyal G-eogbafht ; for the Use of Schoola and 

Colleges. Bj C. Anthon, LL.D. 8to, cloth, lOv. 6d. 
Mobsb's Nobth Axebican Atlab. 46 Mmb. Imp. 4to, £1. 4m, 
Mitchell's New Uniyebbal Atlas of the WoBia>. 122 Mapa. 
A Pbonouncikg Q-azetteeb ; containing Topographical, Btatistioal, 

and other Information, of all the more important FlaceB in the 

known World, from the most recent and authentic Sources. By 

Tlios. Baldwin. Ninth Edition. 8yo, 9s. 
A Vocabulaby of Geogbaphical PBONUirciATioir, for the Use of 

Schools, being the Supplement to Baldwin's Pronouncing Ghizetteer. 

ISmo, 2s. 
MoB8B*s School G-boobafhy : illustrated with G^eographical Maps 

and numerous Woodcuts. 4to, boards, 8#. 6d, 
An IIistobical Geogbaphy of the Bible : illustrated by Ma]^ 

from the Latest and most Authentic Sources, of various Coimtnea 

mentioned in the Scriptures. By L. Colbmak. New Edition, 12mo, 

half-bound, 8«. 

Geology. 

Elexeittaby Geology. By E. Hitchcock, LL.D. With an In- 
troduction by the Ke¥. John Fte Smith. 12mo, sheep, 7s. 6d. 

Geology and Industbial Besoubces of Cahfobioa. By Fhiup 
T. Tyson. Maps. 8to, 7s. 6d. 

Government. 

A Disquisition on €k>vemment, and a Discourse on the Constitution 
and Government of ^the United States. By John C. Calhoun, 
Esq. 8vo, 21*. 

Greek Grammar. 

An Elementaby Gbamhab of the Gbeek Language : containing 
a Series of Greek and English Exercises for Translation, with the 
requisite Vocabularies, and an Appendix on the Homeric Verse and 
Dialect. From the Gkjrman of Kulmer. By Samuel H. Tayiob. 
Post 8vo, cloth, 9*. 

Gbamicab of the Gbeee Language, for the Use of High Sehools 
and Colleges. By R. Kuhneb. 8vo, sheep, ISs. 

Geeez Ollendohfp : being a Progressive Exhibition of the Princi- 
ples of the Greek Grammar. Designed for Beginners in Ghreck, and 
as a Book of Exorcises for Academies and Colleges. By A C. 
Xendbick. 1 vol. post 8vo, 6*. 

A BoMAic Grammar and Chrestomathy. By E. Sophocles. 12mo, Qs.6d, 

Gunnery. 

An Elementary Course of Instruction on Ordnance and Giinneir; 

prepared for the use of the Midshipmen at the Naval SchooL By 

Jasces H. Wabd. 8vo, 10s. 
A Concise Theatise on the Theory and Practice of Naval Ghinnery. 

By William N. Jetfebs, Jun. 8vo, 16*. 

Gunpowder. 

JBroerimonts in Ounpowdcr, ToaAft «}t ^^i^MCB^Ti. kn»a^ ^^ 
Captain Mordecai. 8^o»ia«. 
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Horticulture. 

The Fbuit and Fbtjit Tbeis of America; or, the Culture, Propa- 
gation, and Management, in the Gkurden and Orchard, of Friiit 
Trees Generally ; with Descriptions of all the Finest Varieties of 
Fruit, Native and Foreign, Gultiyated in that Country. By A. J. 
Downing. 9th Edition. 8vo, 9*. cloth. 

The HoBTiCFLTiJBiST, and Joubnal of RmtAii Aet and Bubal 
Taste, devoted to Horticulture, Landscape Gtirdening, Sural 
Architecture, Botany, Pomology, Entomology, Rural Economy. 
Edited by A. J. Downing. Published Monthly, at 18*. per annum. 

Hydraulics. 

An Account of Htdbauulo and other Machines for IUising 
Wateb. By T. Ewbane. 8vo, vdth numerous lllustrations,189. cloth. 

Iron Manufacture. 

The Manueactube of Ibon in all its Bbanches ; including a 
Description of Foige-Hammers, Boiling-Mills, Blast Machines, 
Hot Blast, &c. ; and an Essay on the Manufacture of Steel. By 
Fbedebick Oyebman. 2d edition enlarged, Svo, vdth 150 Wood 
Engravings, 30^. cloth. 

Tbaite, Theorique et Pratique de la Fabrication de la Fonte et du 
Fer, accompagn^ d'un expos^ des Am^orations dont cette industri^ 
est susceptible. Par B. Yalebius. 3 vols, royal Svo, with Atlas 
of 64 plates. £4. 10s. Bruxelles. 

Lake Superior. 

Its Physical Character, Vegetation, and Animals, compared with those 
of other and similar Begions. By Louis Agassiz. With a Narrative 
of the Tour, by J. Elliot Cabot. Svo, with Illustrations. 24j. cloth. 

Latin Lexicon. 

A New and Copious Lexicon of the Latin Language : compiled 
from theLexiconsof Facciolati andFoBCELLiNi,ScHELi.EB,Lu£NE- 
MANN, andFBEUND. By E. P. Levebett. Imp. Svo, sheep, £1. 16*. 

Lectures and Essays. 

By Henby Giles. In 2 vols. 12mo, 9s, doth. 

Magnetism. 

A Manual of Magnetism. By Daniel Davis. With numerous 
Illustrations. 12mo, Is.Gd. 

Mathematics. 

The Philosophy of Mathematics. Translated from the " Cour* 
de Philosophie Positive " of Auguste Comte. By W. M. Gillespie. 
Svo, cloth, 8*. 

Mechanics, Practical. 

Mechanics for the Millwbioht, Machinest, Engineeb, Civil 
Engineeb, Aechitect, and Student, containing a clear Elemen- 
tary Exposition of the Ihrinciples and Practice of Building Machines. 
By F. Oveeman. With Illustrations, 12mo, 7s. 

Philosophy of the Mechanics of ^Nature, and the Source and Modes 
of Action of JN^atural Motive Power. By Z. Allen, illustrated with 
numerous Woodcuts. Svo, 24*. 

Medical Jurisprudence. 

Designed for the Profisssions of Law and Medicine. "B^ ksK.oii^Ty&K?&^ 
Coimaeller at Law, and Professor of Medical 3\aitt^girDJSjeEac»Ha^^2^ 
Albany Medical CoUege, Svo, 308. calf. ,^ ^ 

JElEMENTB of MSBICAL JUBISPBTTDENOE. By ^. "B.. BtBO«^ ^^i^l^ 

and John B. B^ck, M.D. lOth American edition. OSSV^^ 
and enlargod, 2 vols. H^rn. £4. «df 
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Meteorology. 

Elescents of Meteobolooy ; with Questions for Examination. 
Designed for Schools and Families. By J. Bbocklesby. USmo, 
cloth, 68. 

Mexico. 

Mexico : Aztec, Spanish and Bepubliean. By Brantz Mayer. 2 vols. 

8vo, iiuniennis plates. 
Tlie Other Side ; or, Notes for the Ilistoiy of the "War between 

Mexico and the United States. Written in Mexico; translated 

from the Spanish, and Edited witli Notes, by Col. Albert G. Bamaaj. 

1 vol. sni. 8vo, 8». Majts, Plans, &c. 
Histon' of Mexico, from Documents made while resident in that 

Country as American Minister. By M.Thompson. Svo, 10«.6(2. doth. 

Microscope. 

Tlie MiCROSCOPiST ; or, a Complete Manual on the Use of the Mi- 
croscope, for Physicians, Students, and all lovers of Natural Science^ 
vi-ith Illustrations. By Joseph H. "VVtthes, M.D. 12mo, 6». 

Views of the Micboscopic Wokld ; designed for General Beading, 
and as a Hand-Book for Classes in Natural Science. By J. 
Bbocklesby. Square 12mo, 6s. doth. 

Millwright's Guide. 

Tlie Amebican Miller and MiLLWBionT's Companion. By 
W. C. Hughes. Illustrated by numerous Cuts of Machinery, &o. 
12mo, 6s. cloth. , 

Mining. 

A Compilation of Spanish and Mexican Law in Belation to Mines, 
Titles to Real Estate, in force in California, Texas, and New 
Mexico, and in the Territories acquired imder the Louisiana and 
Florida Treaties, when annexed to the United States. By John 
A. Rockwell. Vol. I, Svo, 21. 12s. 6d. 

Mineralogy. 

A IVLlnual of Mineralogy, including Observations on Mines, Bocks, 
Reductions of Ores, and the Apphcations of the Sdenoe to the 
Ai*ts ; designed for the Use of Schools and Colleges. By Jajcbs 
D. Dana. 12mo, with 260 Illustrations. 7s. 6d. 

A System of Minebalogy; comprising the most recent Diaco- 
veries. By James D. Dana. 3d Edition. Ro-written, re- 
arranged, and enlarged. With numerous Woodcuts and Sted 
* Engravings. Svo, 24*. doth. 

Peactical Minebalogy. — IVIining and Assaying, Instructions for 
Assaying and Mining, Description of Useful Minerals, &c By 
F. OvEBMAN. 12mo, 4». 6d. 

Mississippi 

IIiSTORY of the Discovery and Settlement of the Valley of the 
Mississippi. By J. W. Monette. 2 vols. Svo, 28*. 

Mormonism. 

The History of the Saints ; or, an Exposure of Joe Smith and Mor- 
monism. By John C. Bennett, l^o. Third Edition. 

The History of the Mormons. By Henry Caswall. 12mo, Is. 6d. 

The Mormons, or Latter Day Saints ; with Memoirs of the Life and 
Death of Joseph. ^m\i\i) ^H\^ i^sc^sncan Mahomet." XUiutarated 
with 40 Engravings. ^. ^. 

The Book of Mlob3£ots. VZmio,^.^. , ^^ ^ ^^ 

The Book of MoiaiO« T>octime» asv^ Oo^cmwjlW YLtaa. ta.^. 

MormonB. Svo. 
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Music. 

Theoby and Pbactice of Musical GompoBition. By A. B. Mabx. 
Tranelated from 3d Gorman Edit. By ll. L. Saboni. 8yo. 18s, 

BuDiacENTAL Lesbonb in Music ; containing the Primary Instruction 
requisite for all Beginners in the Art, whether Vocal or Instru- 
mental. By James F. Wabnee, translator of Weber's "Theory of 
Musical Composition." 18mo, ds. 

Napoleon. 

The Lni)crial Guard of Napoleon ; from Marengo to Waterloo. By 
J. T. IIeadley. 12mo, 7*. 6d, 

Natural History. 

A Lexicon of Terms used in Natural History : prepared for Schools, 
Collt^gcs, and Families. By W. S. W. Ruschenbebgeb. 12mo, 
board;*, 2.y. 6d. 

Hebpetology of North Amcrca, or a Description of the Beptiles in- 
habiting the United States. By J. E. Holbbooe. 5 vols. 4to, plates. 

Newton's Principia. 

The Matlicmatical Principles of Natural Pliilosophy. By Sir Isaac 
Newton. Translated by Motte. With Life by Chittenden. 8vo, 
sheep, £1. 1*. 

New Mexico. 

Eepobt of the U. S. Tofogbaphical Engineebs, yiz. — 

1. Beport of a Bcconnaissance of a Bouto for a Boad from San 

Antonio to El Paso. By Lieut. W. F. Smith, Corps of Topo- 
graphical Engineers. 

2. Beport of Reconnaissance of the Country between Corpus Cluristi 

and the Military Post on the Leona. By Lieut. N. Michler. 

3. Bi^port of a Beeunnaissance of the Sacramento Mountauis. By 

Lieut. W. F. Smith. 
'%. Beport of a Beconnaissance of a Bouto from San Antonio, viA 
ircdericksburg, to El Paso, to obtain infonnation in reference 
to a permanent Military Boad from the Gulf of Mexico to El 
Paso. By Lieut. F. T. Brjan. 

5. Beport of Brevet Lieut.-Col. Johnson, descriptive of tlie Country 

between San Antonio and El Paso. 

6. BtMX)rt of a Becomiaissance of a Bouto from the Upix?r Valley of 

the South Brancli of Red River to the Rio Pecos. By Lieut. 
N. Michler. 

7. Report from Lt.-Col. Johnson on Condition of the Rio Colorado. 
One Volume, 8vo. Numerous Maps and Illustrations, on Stone and 

in Chromo-Lithography. 18*. 

Notes of a Military Reconnaissance from Fort Leavenworth in Mis- 
souri, to San Diego in Califomia ; including Parts of Arkansas, 
Del Norte, and Gila Rivers. By Brevet-Major W. II. Emory. 8vo, 
Maps and Plates. 5«. 

JouBXAL of a Military Reconnaissance from Santa Fe, New Mexico, 
to the Navaji Country, made with tlio Troo])s under the eoniniand 
of Brevet Lieut-Col. Johu M. "Washington, Cliiof of the Dth MiUtary 
Department, and Governor of New Mexico in 1849. By James 
11. Simpson, First Lieut^mant of Corps of Topographical Engineers. 
One vol. 8vo, Maps and Plates, 18*. 

North Carolina. 

Ilistorical Sketches of North Carolina, from 1684 to 1851. Compiled 
from Original Records, Oi&cial DocumcYvt«, wviTTt>^:\^:^a\«^. ^SSwfiusi- 
menia, with Biographical Sketches ot \\cr (\AB\.\xi!^\As^v\i^'^^^ 
Jurists, Divinea^ Lawyers, Boldiera, &c. "B^ 3c^av"V!L.^Ww6^tfs«0«^^ 
Treasurer of the State. lUuBtrated ^tYi "aTigcwvswBk. %«^A*** 



U DELK AND TRUBNEll, 

Orations and Speeches. 

Hy Charles Sumner, Author of " Tho Tnie Grandear of Nations, &c. 

'2 \oU. 12ino, lOr. cloth. 
Orations and Speeches, on Varioiu Occasions. By Edwaed 
EvKUETT. 2 vols. 8vo, 32*. cloth. 

Owen's Classics. 

lIoMKR. —The Iliad of Homer, aecording to the Text of Wolf; with 

Nute.-* for Use of Schools and Colleges. Bv J. J. Owen, D.D. 8to, 9i». 
lIoMKR. — The Odyssey of Homer, accorcling to the Text of Wolf, 

willi Notes. IJy John J. Owen, D.D. Seventh Edition. 8vo, 9». 
Tiirci'iUDKs. — The IIistor\- of the Peloponuesian War, by Thucydidea, 

according to the text of L. Dindorf With Notes, for the use of 

Collcircs. Dy John J. Owen, D.D. 8vo, 12s. 
Xknoi'Iion. — The Anabasis of Xenophon; chiefly according to the 

Text of L. Dindorf, with Notes. By J.J. Owen. Seventh Edit. 8vo, 8*. 
Xenoimion. — Tho Cyrojicpdia of Xenophon, according to the Text of 

Dhidorf, with Notes. By John J. Owen. 8vo, 9». 

Painting. 

The TiiEORY of Effect, embracing the Contrast of Light and Shade, of 
Colour, and of Harmony. By an Artist. 15 Illustrations. 12mo, 3«. 

Patents. 

Patent Office Reports. — Annual Reports of the Commissioner of 
Tateiits for the Years 1849 and 1850. 2 vols. 10«. 

Tlie Inventors* Manual of Legal Principles, and Guide to 
the Patent Office. By Geo. T. Curtis. 12mo, 7«. cloth. 

Journal of the Franklin Institute, and Record of Inventions and 
Discoveries. Published monthly. Subscription, 30*. per annum. 

Pennsylvania. 

Its Oeoguapiiy, History, &c., with an Account of its Climate, Soil, 
Agriculture, Resources, &c. By C. B. Thego. 12mo, Map. 5*. 6d. 

Historical Collections of the State of Pennsylvania, containing a 
copious selection of the most Interesting Facts, Traditions, Bio- 
gr!i})hical Sketclies, Anecdotes, &c., relating to tho History and Anti- 
quities, both General and Local, with Topographical Descriptions 
of eveiy Coimty and all tho larger Towns in the State. By Siiermak 
Day. 1 vol. 8vo, illustrated with 165 wood engravings, 21*. bound. 

Perfumery. 

Its Manufacture and Use, with Instructions in every Branch of 
tlie Art, and Recipes for all Fashionable Preparations : for the Use 
of tho Perfumer, Druggist, and Soap Maker. By C. MoBTlT. 
12mo, with numerous Woodcuts, 7*. 6d, cloth. 

Pliarinacy. 

A Universal Formulary ; containing the Methods of Preparing and 
Administering Oilicinal and other Medicines. Tlie whole adapted to 
Physicians and Pharmaceutists. By R. E. Griffith. 8vo, 16*. cloth. 

United States Dispensatory. Ninth Edition, revised (1851), By 
Wood and Bache. 8vo, pp. 1456, 32*. cloth. 

United States Phabhacofcbia. A New Edition, 1851. 16*. doth. 

Philosophy. 

Epitome of the History of Philosophy. By C. S. Henby. 2 vols. 

12mo, 8*. 
SilEtches of Modern Philosophy. By Jas. Mubdoce. 18mo. 

Political Economy. 

The HAEMOnnr op I:KTBKBa's», AigrvcsoitoM?^ IJtossSa^xxtvE^ «»ft. 
and Commercial. By H. C. Ckwk^. •&^o,^.<^a. 
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Photography. 

A System ov PnoroGhBAFHY ; contaming an explicit Detail of the 
whole Process of Daguerreotype, according to the most approved 
Method of Operating, including all the late valuable Improvements, 
^ &c. By S. D. HuMPHBET, 18mo, 4a. 

mlhe HiSTOEY and Peacticb of the Art of Photogbapht. By 
H. H. Snelling. 12mo, Cuts, 6*. cloth. 

Photogeaphic Abt Joubkal. Edited by H. H. Snellivg. Vol. II. 
1851. Royal 8vo, 18«. each. 

Daguebbeian Jotjbnal. — ^The Daguerreian Journal, devoted to the 
Daguerreian and Photographic Arts ; also embracing the Sciences, 
Arts, and Literature. S. D. HuifPHBEY, Editor. YoL I. 8vo, 
18*. Vol.n. 12*. 

Poetical Quotations. 

A DiCTiONAET OP PoBTiCAii QUOTATIONS: consisting of Elegant 
Extracts on every Subject. Compiled from various Authors, and 
arranged under appropriate Heads. By J. P.Watson. 12mo, 7*. (yd. 

A Complete Dictionaby op Poetical Quotations; comprising 
the most excellent and appropriate Passages from the Old British 
Poets ; with Choice and Copious Selections from the best Modem 
British and American Poets. Edit, by S. J. Hale. 8vo, 10«.6<2.bnd. 

Sacked Quotations. — Dictionary of Sacred Quotations, or Scripture 
Themes and Thoughts, as Paraphrased by the Poets. Selected and 
Arranged by Rev. H. H. Weld. Sm. 8vo, 7*. 6d. 

Poetry. 

Buchanan Bead's Poems. — Illustrated with 14 Woodcuts from 

Designs by Kenny Meadows. Pep. 8vo, 7*. 6d. cloth. 
liOWELL's Poems. — Poems op James Bussell Lowell, Author of 

the " Bigelow Papers." 2 vols. 12mo, 14*. cloth. 
Holmes's Poems. — Poems op Oltveb Wendell Holmes, Autlior of 

" Urania, a Rhymed Lesson," &c. &c. 12mo, 7s. cloth. 
liONGFELLOw's PoEMS.— Complete Edition, in 2 vols. 12mo, 12*. cloth. 
IiONGPELLOw's PoEMS. — ^Dlustrated Edit, complete in 1 vol. 24*. bnd. 
The Female Poets of America, with Portraits, Biographical Notices, 

and Specimens of their Writings. By Thomas Buchanan Bead. 

Third Edition. 8vo, morocco. 

Poultry. 

The Amebican Poultby-Book : being a Practical Treatise on the 
: Management of Domestic Poidtry. By M. R. Cock. 18mo, 3*. 

I The Poultby-Book : a Treatise on Breeding and General Manage- 

ment of Domestic Fowls, with numerous Original Descriptions, and 
Portraits from Life. By John C. Bennett, M.D. 12mo, 6*. 

Psychology. 

Bational Psychology ; or the subjective Idea and the objective Law 
of all Intelligence. By Laubens P. IIickock, D.D. 8vo, 16*. 

Elements of Psychology contained in a Critical Examination of 
"Locke's Essay on the Understanding," by Victob Cousin. Trans- 
kted from the French by S. C. Henby. 12mo, 6*. ; with the 
Appendix, 5*. 6d. 

Road Making. 

A Manual of the Pbinoiples and Pbactice of Boad-Making: 
eomprising the Location, Construction, and Improvement of Boads^ 
Oonmion, Macadam, Paved, Plank, &c. By V}*. 'IAl. 0[YU&a2&'fi:\s>> 
A.M., 3d Edition. 8vo, 9s. cloth. 

Bisioij, Structure, and Statistioff of Pi^aitk. 'Baa3>« m V>ao T^tscAb^ 
SUttes and Canada^ hy W. £jhgstob3>, C.^B. Wv^V ^BJBiawtV^ ot^ 

JZowfo in general, hy F. G. Skinnbb. 8yo, S*. 



BELfc' AI>JJ TlitJBNEfiT 
Sciratlfic Annual, 1S52 ; 

Or, Year Book of Facts in Sdaiice and Art ; exhibiting the n 
portant DisooTcrJcs and Improyementa, List " " " ■ * ■■ ' 
tions. PatanU, ObituB ' " " ' " 

Silliman's Journal 

Of Sdeacea and Arts. FuhUshcd eteij altenrnts Uonlh. 6i, es 

Soap and Candles. 

T)ic Chi'miiitr; of tlio Majiufsrture of Soap and Cuidloa. Bj Clia 
DKU, MoRFiT. 8to, numflniiiB lUustnilioiiB, 30». doth. " 

Spanish Language. 

OllsndorI'V's Ndw Method of 1f«niiiigtoBead, Write, and Speak fl 
Spanish Languaga. Bj SI. TBLiSQUBB and T. SiKoinra . P* 
8vo, half- bound, 10s. 6d. Ket to thk Sams, lamo, 6>. 

An OLLENDOftPF'H Method for Spaniards to Learn !Eagiidi. 

BUtOK FXLEKOTrEl.A. 12mo, Vit, 

A Nkw Spavish Reaseb; bdiigaSequelto OUendorSTsKew Mctl 

of Learning to Kead, Write, and Speak the Spanish Languaj^ ■. 1 

U. Vsusquez ui: ia Oaduha. ISmn, Tit. 6^. 
Au Easy iNTBOsuorioN to Spanish CunTeraation i containiug I 

tliat is ueccsaary to make a rapid Progresfl iu it, 3Jy M. Vku"" 

SB hi. CjUiltNA. ISnBO, 2i.Bd. 

Steam Engine. 

A Trbatibb on the Mihine Boiieks of the United S 
B. H. Babtol, En^noei-. Sto, Plates, lOi. cloth. 

Steel. 

The MAKDFiCluEE of Stbei, pontflining the Pructico and Prinijfl 
of Working and Muking Stcol: n Handbook for BlackBiniths J 
Workers in 8t«il and Iron, ic. By F. Otebmas. ' " ■ 

Story's Works. 

The MiscBlkncBua WritingH of Joseph Btobt. Edited by Lis j 
William W. Stobt. Svo, 31*. 

Tanning and Ciinying. 

A OoJtrtETE Tekatibe on Tanning, Currying, and Eyi'ty Bran J 
Leather DresBiiig. By Camphbll Mokfit. 1 vol. roy, 8vo, 
many hundreds of Kngraivingfl. 2Sj. 

United States' Exploring Expedition. 

By Chablbb Wilkes, OommandBr, tJ.S.N. 5 tqIs. imp. f 
"New Edit. cmbeffiBhedwith 111 Stml Plates, 248WoodEnt 

Yoyage round the World. 

Embrndng the PrineipaJ Events of the Narmfive of the United Si 
Eiploring Eipedition. By CniBtKS WllHBB, H.S.N. * — 
178 Engrayinga on Wood. 18b. cloth. 

Weights and Measures. 

UnivBTaal Dictionary of Weights and Moaaurea, Anrient and \ 
reduced to the EngUah Standard. By J. K. Alexakueb. r 

Will. 

ARrtiew of Edward«'a " Inquiry into the Freedom of thu 1| 
H. P. Tjppab. 3 Tole. ISmo, ISs. 

Zoophytes. 

The Zoophytes of the United Stotea' Exploring Exnefiti 
Jajhb D. Dah», GwAo^^. ot Uus "fii^tiiUun. 1 vut Itu. 
uud folio Atlas ot P\ata», £\0.\IM. 

~-tu o«E», ttmV«r'«n'*'"^J*^'' ■ - 



